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PREFACE 


This is the fifth report published by the Agricultural Marketing Service 
from data submitted by the Washington State Apple Commission in fulfillment of 
a research contract with the U. S. Department of Agriculture. The first four 
reports are Marketing Research Report No. 49, “Apple Handling Methods and Equip- 
ment in Pacific Northwest Apple Packing and Storage Houses;" Marketing Research 
|Report No. 68, “Innovations in Apple Handling Methods and Equipment;" Market- 
ing Research Report No. 71, “Handling Empty Apple Boxes in Pacific Northwest 
Packing and Storage Houses;" and Marketing Research Report No. 130, "The 
Effect of Apple Handling Methods on Storage Space Utilization." A final report 
‘summarizing the findings in these five is planned. 


"Methods and Costs of Loading Apples in the Orchard in the Pacific 
Northwest," Marketing Research Report No. 55, published by the Agricultural 
Research Service of the Department in January 1954, summarizes another phase 
of the study. 


Some of the results of this research are now available in summary form 
through the U. S. Department of Agriculture film entitled "Apple Handling 
Methods."" Another film, entitled "Apple Packing Methods," summarizes studies 
of cleaning, sorting, sizing, packing, and other operations in preparing apples 
for market, which also were conducted by the Commission under a contract with 
the Department. Prints of these two films may be obtained on a loan basis from: 
' Agricultural Extension Service, College of Agriculture, Cornell 

University, Ithaca, N. Y. 


Agricultural Extension Service, Colorado A. & M. College, Ft. Collins, 
Colo. 


Visual Aids Service, University of Illinois, 713% South Wright Street, 
Champaign, I11l. 


. The research contract under which this study was made was administered 
by William H. Elliott, head, Handling and Facilities Research Section, Trans- 
portation and Facilities Branch, Marketing Research Division, Agricultural 
Marketing Service. 


The study was conducted under the supervision of Joseph F. Herrick, Jr., 
agricultural economist, of the Handling and Facilities Research Section. 


Credit is due to Max E. Brunk, professor of marketing, Cornell University, 
and Frederick C. Winter, associate professor of industrial engineering, Colum- 
bia University, consultants to the Transportation and Facilities Branch, for 
their guidance and many valuable suggestions. 


Washington, D. C. March 1958 


For sale by Superintendent of Documents, Government Printing Office 
Washington 25, D.°C. Price 45 cents. 
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SUMMARY 


In recent years, apple packinghouse operators in the Pacific Northwest 
have become concerned over increasing costs involved in receiving, packing, 
and loading out fruit. Many operators using conventional handling methods are 
searching for materials-handling equipment which will handle the same volume 
of fruit with fewer workers, at lower cost, and with minimum bruising and 
other damage to fruit. This report shows the relative labor and equipment costs 
of performing handling operations by use of various types of currently used 
equipment in 1- and 2-floor plants for different volumes of business. Because 
of the wide variations among plants, the costs for packing line operations, 
‘general supervision, and permanent facilities were excluded from the study. 


Types and combinations of types of equipment considered in this report 
are: (1) Clamp-type 2-wheel hand trucks alone on 1 floor; (2) 36-box electric 
industrial clamp lift trucks on 1 floor; (3) 48-box electric industrial fork- 
‘lift trucks on 1 floor; (4) clamp-type 2-wheel hand trucks and belt conveyors 
on 2 floors; and (5) 24-box electric industrial clamp lift trucks and belt 
conveyors on 2 floors. 


Plant layouts designed to handle 100,000, 200,000, and 400,000 boxes of 
apples stacked 12 high in storage were devised from a basic storage unit of 
30,000 boxes. These layouts are not intended to represent typical, composite, 
or ideal designs, but units on the basis of which handling costs of actual 
plants may be computed. 


The 36-box industrial clamp lift truck method was the most economical of 
the 5 methods in both 1- and 2-floor plants for the 3 volume levels considered, 
except in the 100,000-box plant; the 48-box industrial forklift truck method 
showed the lowest cost at this level. Compared with the industrial lift truck 
methods, labor and equipment costs were relatively high for those methods 
using clamp-type 2-wheel hand trucks in both 1- and 2-floor plants. 


The lowest cost for 1- and 2-floor, 100,000-box plants was obtained with 
‘the 48-box industrial forklift truck method. All operations, except segregating 
packed boxes as they come off the packing line and stowing boxes in railroad 
cars, were performed by one forklift truck. Labor and equipment costs by this 
method amounted to $4,139 per year. The cost difference, however, between this 
method and the next lowest cost method was relatively small. The next lowest 
‘cost method, at $4,628 per year, was by use of two 36-box industrial clamp 

lift trucks. The highest cost method, at $6,390 per year, was by use of 


} 


2-wheel hand trucks and belt conveyors in the 2-floor plant; of the 5 methods, 
‘this showed the highest labor cost. The 24-box industrial clamp lift truck 
and belt conveyor method had the highest equipment cost because 3 lift trucks-- 
2 on the first floor and 1 on the second--are needed to perform daily handling 
operations during the peak receiving period. Total cost difference between the 
\2 methods used in the 2-floor plant was very small: The cost was $6,390 for 
‘the method using hand trucks and conveyors vs. $6,261 for the method using 


24-box industrial lift trucks. 
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For the 200,000-box, 1- and 2-floor plants, the 36-box industrial clamp 
lift truck system was the lowest cost method, labor and equipment costs amounting 
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to $6,393 per year. However, total costs by use of 48-box industrial forklift 
trucks, the next lowest cost method, were $6,445, which was less than 1 percent 
greater. Three lift trucks were required by the lowest cost method and two by 
the next lowest cost method. In the 2-floor plant, labor and equipment costs 
for the 24-box lift truck and conveyor method were $9,672 per year, which was 
$1,524, or 14 percent, less than the cost of the clamp-type 2-wheel hand truck 
and belt conveyor method. 


The method using the 36-box industrial clamp lift truck showed the lowest 
cost of the 5 methods in the 400,000-box plants also. Labor and equipment 
costs for this method were $12,207 per year. Total costs for the 48-box indus- 
trial forklift truck system, the next lowest cost method, were $12,411 per 
year; this is less than 2 percent greater than for the lowest cost method. Of 
the 5 methods, that using hand trucks and conveyors in the 2-floor plant had 
the highest cost, at $21,763. This compares with $16,676 for the 24-box indus- 
trial clamp lift truck and conveyor method. 


Determination of the most efficient type or combination of types of 
equipment must be made on an individual-plant basis. It has been shown that 
the most economical method for the 1-floor, 100,000-box plant was by use of 
the 48-box industrial forklift truck. However, in many older plants, low 
ceilings and closely spaced posts or columns in storage areas restrict stacking 
heights to 9 or 10 boxes and interfere with the stacking arrangement; thus, the 
ability of this equipment to high-stack boxes cannot be used to good advantage. 


Several factors must be considered in the wise selection of handling 
equipment for any given plant. Among these are: (1) Travel distances; 
(2) layout and design of plant; (3) necessary remodeling of plant, if any; 
(4) expected volume to be handled; (5) capital outlay for equipment; (6) main- 
tenance of quality of fruit; and (7) available labor supply, particularly at 
the peak of harvest. The number and size of lots received from growers also 
may affect the decisions of some operators. 


Ca ate a a SR 


= iV = 


COMPARATIVE COSTS OF HANDLING APPLES AT 
PACKING AND STORAGE PLANTS 


By Charles H. Meyer, 


agricultural economist 
Marketing Research Division 


BACKGROUND AND BASIS OF THE STUDY 


This report stems from the need of operators of apple packing and storage 
plants for ways of estimating plantwide handling costs when using different 
types of materials-handling equipment. Because of labor shortages, particu- 
‘larly during harvest, and increased wage rates for plant workers, many 
‘operators are searching for more efficient handling equipment which would 
jenable them to maintain or increase the volume of fruit packed with fewer 

ie ckers and at lower cost, and also to maintain optimum fruit quality. The 
object of this report, therefore, is to show relative efficiencies of cur- 
rently used types of equipment, in plants of given design and layout and at 
different levels of operation. 


The report employs data and information from Marketing Research Report 
No. 49, U. S. Department of Agriculture, "Apple Handling Methods and Equipment 
in Pacific Northwest Packing and Storage Houses." That report was designed to 
\present ways, on an industrywide basis, for increasing the productivity of 
‘labor in fruit handling operations, making possible increases in the rates of 
performing critical operations during harvest periods, reductions in total 
labor costs, and maintenance of optimum fruit quality. This report develops 
cost and operating data applicable to individual plants. 


, 


j 

| 
| Assumed Conditions Used to Compute Labor and 
j Equipment Requirements and Costs 


Estimated plantwide handling costs were computed for plant layouts of 
given dimensions, using standard data on the time required to perform the 
mecessary operations with various types and combinations of types of equipment. 
Since several plant layouts were used for different types of handling equip- 
‘ment, the data given in this report may be adapted to most existing plants, 
‘with different volumes and methods of handling. In cases where volume and 
floor arrangements differ from those used here, plant operators can compute 
lestimates by interpolation, adjusting the estimates on the basis of actual 
plant size and conditions. 
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For purposes of this report, the operations were limited to the 


“following: (1) Receiving boxes of apples and moving them to storage or to 
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temporary supply bank in packing room; (2) moving unpacked boxes from storage 
to temporary supply bank; (3) moving boxes from temporary supply bank to 
packing line; (4) segregating packed boxes; (5) moving packed boxes from pack- 
ing room to storage; (6) blocking out packed boxes in storage and moving them 
to shipping area; and (7) moving packed boxes from shipping area to railroad 
cars, and loading them. These include all handling operations typically 
performed in moving apples into, within, and out of apple packing and storage 
houses. Costs of the packing line, management, and permanent facilities are 
not considered here. 


The scope was further limited to types and combinations of types of 
equipment currently used in 1- and 2-floor apple packing and storage houses. 
These are: (1) Clamp-type 2-wheel hand trucks alone, on 1 floor; (2) 36-box 
electric industrial clamp lift trucks, 1 floor; (3) 48-box electric industrial 
forklift trucks, 1 floor; (4) clamp-type 2-wheel hand trucks and belt conveyors: 
2 floors; and (5) 24-box electric industrial clamp lift trucks and belt con- 
veyors, 2 floors (fig. 1-5). 


The 24-box industrial clamp lift truck, being relatively light and 
maneuverable, was used instead of the 36-box industrial clamp lift truck in 
2-floor plants. This lightweight truck can be used on a floor that has a 
fairly low floor-load capacity. Furthermore, the lightweight truck can maneu- 
ver more easily than larger trucks in storage rooms having columns and posts. 
The 36-box industrial clamp lift truck weighs about 40 percent more than the 
24-box truck and requires about 20 percent more floor area to maneuver. 


NEG. BN-4611 


Figure 2.--36-box industrial 
clamp-type lift truck. 


NEG. BN-4610 


Figure 1.--Clamp-type 2-wheel 
hand truck. 


NEG. BN-5121 


Figure 4.--Type of belt conveyor used with 
clamp-type 2-wheel hand trucks. 


Plant Layouts 


The layouts for plants handling 
100,000, 200,000, and 400,000 boxes a 
year were developed from a basic storage 
unit 88 feet wide and 100 feet long (fig. 6). 
With boxes stacked 12 high, this unit has 
@ capacity of 50,000 boxes when clamp-type 
2-wheel hand trucks are used. Because 
more floor area is needed for the 12-foot 
aisles required to operate industrial lift 
trucks, the capacity of the basic unit in 
a ae #@ 1-floor plants, with boxes stacked 12 high, 
\ mg ) “is about 38,000 boxes. In 2-floor plants, 


| NEG. BN-5122 using 24-box industrial lift trucks in 
be diy 9-foot aisles, the unit capacity is 
[ture 5.--24-box electric industrial slightly greater than 38,000 boxes. 


clamp-type lift truck. 


| 

| These layouts represent packing and storage plant structures in general, 
to which existing standard time data can be applied. They are not intended 
to represent typical packing and storage plants, because there are over 

a plants of various sizes, designs, and ages in the State of Washington 
alone. Nor do they necessarily depict composite plants or ideal designs. 


/ A simple way of increasing storage capacity would be to add rows of bays 
to the 88- by 100-foot standardized unit. This, however, would not serve the 
purpose of most plant operators. Although this study was limited to plants 
receiving 100,000, 200,000, and 400,000 boxes, conclusions may be drawn on 
the handling of smaller or greater quantities of fruit. It was assumed that 
an operator of a small plant would utilize his storage space to the fullest 
extent before expanding it or erecting a new structure. Other reasons con- 
Sidered for adhering to the 50,000-box unit were: (1) To retain partitions 
to permit refrigeration of storage areas as needed; (2) to permit changing 
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over to other types of handling equipment (in cases involving plant expansion) 
as volume of business and travel distances increased; and (3) to retain some 


semblance of prevailing structures. 
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Figure 6.--Basic storage unit of 50,000-box 
capacity for clamp-type 2-wheel hand truck, 
when unpacked boxes are stacked 12 high. 


storing boxes of apples by variety, size, 
were in identical or similar patterns for plants of any capacity; (6) plant lay-| 
outs were used only for reference purposes and did not necessarily represent 
or typical or composite plants; 
and complied closely with prevailing industry practices; 
(8) travel was over fixed routes (aisles), 


particular plants, 
were practical, 


routes might have been available; 
storage were used; 


plant; 


(9) average travel distances into and out of 
(10) plant layouts provided sufficient storage space--the 

extra space resulting from continual shipment of fruit was ignored; 
ing line was provided for each 150,000 boxes of apples received--1 line in the 
100,000-box plant, 2 in the 200,000-box plant, 
(12) the standard Northwest apple box (10% by 11% by 18 inches) was 
used for handling both packed and unpacked fruit; 
packed and unpacked fruit were assumed to be 50 and 35 pounds, respectively. 


Uniformity was maintained in 
plant layouts to minimize the effect 
of differences in layout or travel 
distance. The same pattern of 
storage banks, entrances, exits, 
aisle arrangements, and direction of | 
traffic flow was maintained through- 
out so that: (1) Few variables are 
introduced, and (2) comparisons of 
identical operations could be made. 


Average travel distances to and | 
from designated areas, volume handled} 
and standard time values were applied | 
to each phase of the operation cycle) | 
to calculate handling costs. 


Assumptions inherent in the 
report for all packing and storage 
plants were: (1) Plant expansion 
was rectilinear in storage units of 
88 by 100 feet; (2) 1- and 2-floor 
plant layouts of different dimensions 
arranged for utilization of various ~ 
types of handling equipment, were 
applicable to most existing plants; 
(3) storage bays were free of ob- 
structions, such as ducts or posts; 
(4) ceiling heights and structural 
strengths were adequate and safe for ~ 
storage requirements; (5) areas for 
and grade and for transit convenience | 


(7) methods and procedures 


although more direct, unobstructed 


(1) 41 pack- 
and 3 in the 400, 000-box 


and (13) weights per box of 
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Cycles of Operations 


Over 40 million boxes of apples (unpacked) are harvested for market each 
season in the State of Washington. Much of this volume received at packing 
and storage plants moves directly into storage. Later, the fruit is moved 
‘from storage to the packing room. Most of the 27 million boxes of fruit packed 
‘out from this volume is moved back into storage and later is moved out of 
storage and loaded for shipment to terminal markets. A large part of the work 
‘involved annually in handling operations in many older plants in the State is 
used to perform these cycles of operations. 


Receiving.--In the Pacific Northwest, apples are received at packinghouses 
cover a period of 4 to 6 weeks. Usually, receiving of fruit starts slowly. As 
the season progresses, receipts increase, reaching a peak 2 to 3 weeks after 
harvest begins. Receipts at most plants usually are heavy for 1 to 2 weeks, 
after which (for 2 to 3 weeks) they gradually decrease. 


} 
The daily volume of fruit received and moved directly to the packing 
‘room not only varies between different plant-size groups but within a single 
plant. However, most fruit received at plants is moved into cold storage 
before packing, even when the fruit is not to be held long. 


| The total elapsed time for performing cycles of operation involved in 
receiving fruit varied for plants of 100,000, 200,000, and 400,000 boxes. 


Receiving is the most important handling operation. It includes 
peeceiving to storage" and “receiving to temporary supply bank in packing 
room. In the analysis in this report, the assumed conditions associated 
with receiving fruit in all plants were: 


(1) Delivery to plants was in road trucks in lots of 288 boxes. 


(2) Unit loads were moved from stabilized truckbeds by handling equipment 
in 1-floor plants. 


(3) In 2-floor plants, boxes were placed, 1 at a time, on belt conveyors, 
and off-loaded into unit loads at the terminal ends of the conveyors. 


(4) In storage areas, boxes of loose fruit were stacked 12 high. When 
clamp- type 2-wheel hand trucks were used, boxes were high-piled manually from 
i to 12 high. So that like operations could be compared, and to limit the 


number of variables, the stacking height for the industrial clamp lift and 
forklift trucks was limited to 2 unit loads, or 12 boxes of unpacked fruit; 
both types of equipment are capable of tiering 3 unit loads. 


(5) Fruit was not segregated by variety and ownership. 


(6) Half of the boxes received at 2-floor plants was moved to the 
second floor. 
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Storage to packing room.--At most plants, fruit received is transferred 
into storage even though it is to be packed out within a few days. This pre- 
cooling removes the field heat from the fruit, slows down the ripening process, 
and gives the fruit a longer market life. 


under pressure of harvesting operations, the general practice is to spread it 
over a period which varies in length with the size of the crop, nature of the 
market, and practices in different localities. 


Following are the assumed conditions applied to all plants and all types 
of equipment analyzed: 


| 
. 
Because the movement of fruit from storage to packing room is not done . 
(1) All fruit was transferred from storage to a temporary supply bank in 
the packing room. 
(2) In 2-floor plants, half of the fruit transferred to the packing room 
originated on the second floor. 


Temporary supply bank to packing line.--Estimates indicate that about 
35 percent of the total employees, exclusive of office workers, in apple packing 


and storage plants in the Pacific Northwest are engaged in physical handling 
operations, and 65 percent in packing-line operations. The activities of the 
latter group, consisting of dumping, cleaning, sorting, sizing, packing, 
labeling, lidding, and other operations in the packing line, are not within 
the scope of this report. 1/ 


Assumptions connected with movement of fruit from supply bank to packing 
line for all plants were: 


(1) Fruit is moved from temporary supply bank to dumper by equipment used 
in each method of handling. 


(2) Movement to the dumper was at a rate of 300 boxes per hour per 
packing line. 


Segregating packed boxes.--Segregating packed boxes consisted in 
removing the boxes from the belt conveyor leading from the packing line and 


placing the boxes in separate stacks according to variety, size, and grade of 
the fruit. Some plants segregate fruit into individual sizes, while others 

group 2 or 3 sizes. Assumptions used in this report with respect to segregatiiy 
packed boxes, in all plants, for all handling methods, were: 


(1) In 1-floor plants, packed boxes were segregated and stacked into 
unit loads at the end of the packing line. 


(2) In 2-floor plants, boxes returned to the second floor were segregated | 
at the terminal end of the belt conveyor. 


1/ A study covering these operations is under way and a report on it is 
planned. 
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Packing’“room to storage.--Packed boxes of apples usually are not high- 


piled to the same height as unpacked boxes because of the increased height of 
the stack when the packed boxes are turned on their sides (the standard apple 
box is 1 inch wider than it is deep). Also, the need for storage space, at 

least during the latter part of the packing season, is not as great as during 


the harvest period. 


| The assumptions applicable to all plants and all types of equipment for 
‘moving packed boxes from the packing room back to storage were: 


(1) All fruit was moved into storage before shipment. 


(2) In 2-floor plants, half of the boxes were transferred to the second 
floor and half to the first floor. 


(3) Stacking height was 10 boxes for all types of handling equipment. 


Storage to shipping area.--Apples originating in Pacific Northwest packing 
lants are loaded out of cold storage into refrigerated railroad cars or road 


p 

trucks. Packed fruit often remains in storage several months before shipment. 

Occasionally, some plants load out fruit from the packing line; however, load- 

ing cars or trucks with fruit from the packing room is slow because the loading 
Operation is paced by the rate at which boxes move from the packing line. The 

jusual load consists of 798 standard boxes of apples. 


The storage-to-shipping-area cycle of operations consists of searching 
through stacks to locate and break out the correct number of boxes by variety, 
jazade, and size, and moving them to the shipping area. Assumptions relating 
to this cycle of operations were: 


| (1) All fruit to be shipped was blocked out (placed in separate stacks) 


1] 


_ to actual loading. 


| (2) Blocked-out fruit was moved to a shipping area near the loading-out 
point before loading. 


(3) In 2-floor plants, half the boxes originated on the second floor. 


Shipping area to carrier and load.--This operation consists of moving 


fruit from the shipping area to truck or car door or a stacking point within 
ithe carrier, preparing the manifest, and stowing the boxes in the carrier. 
Assumptions relating to this operation were: 


(1) The 5-high stacks of packed boxes were moved with clamp-type 2-wheel 
hand trucks from the shipping area to the work face (the stacks being stowed 


in the carrier). 


(2) Unit loads were moved from shipping area to carrier door by 
‘industrial clamp lift trucks and manually loaded in the carrier. 
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(3) Each pallet load was moved by 48-box industrial forklift truck from 
shipping area to carrier door and placed on a pallet dolly, which was pushed 
to the work face; boxes were stowed in the carrier by hand. 


(4) There was complete manifesting (counting each box). 


(5) A carload or truckload consisted of 798 boxes stacked. 


Computation of Labor Requirements and Costs 


When fruit is moved into, within, and out of storage, each box of apples 
is handled one or more times in each operation, depending on the types of 
handling equipment used. Excluding packing line and office workers, from 
3 to 60 workers are required each day by each of the 250 or more packing plants 
in Washington State during the peak operating period--the time when fruit is 
received, stored, packed, and shipped in greatest volume. 


Because plant workers are hired for not less than one 8-hour day, labor 
inputs in this report are based on the number of workers needed daily to per- 
form all handling operations. The numbers of workers required for the assumed 
workloads were sufficient to perform all handling operations as well as miscel- 
laneous jobs such as picking up debris and loose apples from floors, (house- 
keeping), servicing the handling equipment, and bringing up supplies to packing | 
rooms. Various sizes of crews were used to compute total labor inputs for 
each plant. Crew size for each plant and type of equipment was based on daily 
workloads for specified periods of operation throughout the season. Labor 
inputs are in terms of man-days. To illustrate: In computing total man-days 
of labor required for the season when using clamp-type 2-wheel hand trucks 
alone, the crew for the 200,000-box, 1-floor plant varied from 4 workers for 
the first 3 days to 20 workers for the period when fruit was received in 
greatest volume and all other operations were performed. In computing man-hour | 
requirements two 15-minute rest periods were allowed, one in the morning and 
one in the afternoon. 


Wage rates used in this report to calculate labor costs were based on 
research conducted by the Washington State Apple Commission in 1951-52. The 
"current" hourly wage rate used for unskilled workers was $1.15 and for semi- 
skilled workers (industrial truck operators) $1.30. The “assumed" wage rates 
were 25 cents an hour higher, or $1.40 and $1.55, respectively. Labor costs | 
given in the report are based on the "current" wage rates, unless otherwise | 
specified. 


Computation of Equipment Requirements and Costs | 


The amount of equipment required to perform handling operations for | 
different volumes of fruit (100,000, 200,000, and 400,000 boxes) in plants of | 
given design and layout presented herein was based on daily needs during the \ 
peak operating periods. For example, in the 1-floor, 200,000-box plant, during } 
the 8-day peak operating period when fruit is received in greatest volume and | 
all other operations are performed, three 36-box industrial clamp lift trucks 


eS Ole 


were assumed to be needed. Other equipment required included: (1) Five 
truckbed stabilizers, needed to permit operation of industrial lift trucks 
onto and off road truckbeds; (2) 8,320 board feet of 1- by 4-inch lumber for 
dunnage strips, for use between unit loads to stabilize stacks in storage; 
(3) 200 feet of roller conveyor, to aid in packing room handling operations; 
and (4) 8 clamp-type 2-wheel hand trucks, needed as standby equipment in case 
of breakdown of 1 or more of the industrial lift trucks. 
. 

| Equipment costs were divided into ownership and operating costs. 
Ownership costs include depreciation, taxes, interest, and insurance. Oper- 
ating costs included grease, oil, electricity, and labor and parts for main- 
tenance, repairs, overhaul of equipment, and inspection and servicing. 
Theoretically, equipment not used and protected from the weather does not 
accumulate operating costs. However, some wasting of the equipment is 
eucred through deterioration of such parts as tires and batteries, and is 
‘recognized in the depreciation rates. 


| 


Depreciation Allowances 


Depreciation rates, including allowances for obsolescence, were 
‘estimated for each synthesized plant from the assumed annual hours of use of 
each piece of equipment. These rates were not necessarily the same as those 
jused by plant operators in determining their costs. 

Since the amount of time during which equipment is used is influenced 

by plant layout and volume handled, individual depreciation rates were computed 
for each equipment type for each size of plant. 2/ To illustrate: The annual 
use (time used productively) of the three 36-box industrial clamp lift trucks 
Beduired for the 1-floor, 200,000-box plant totaled 367 machine-hours per 
truck; in the 1-floor, 100,000-box plant, each of the 2 trucks required was 
used about 275 machine-hours. Thus, on the basis of hours of use, the latter 
2 trucks had the greater life expectancy. In other reports in this series, 
average hourly rates were used to compute equipment costs for individual opera- 
tions, such as receiving, moving boxes from storage to packing room, and 
loading out. 


I 
\ 
; 


Interest, Taxes, and Insurance 


| An interest rate of 5 percent is used by many Washington State apple 
plants to estimate their capital costs. This is the rate for money borrowed 
for investment purposes, or the expected rate of return on an investment. An 
interest rate of 5 percent was used in this report in computing interest costs. 


; 


| 
| Research in the Pacific Northwest area disclosed that the combined taxes 
pnd insurance rates in municipalities and rural areas were, respectively, 

1.8 percent and 2 percent. A rate of 2 percent was used to compute ownership 
costs for these items. 

| 


qj 
| 


2/ Depreciation was computed by the straight-line method. 


a 0 as 
Operating Costs 


Operating costs, like ownership costs, vary between plants for identical 
types of equipment. Costs of operating different types of equipment for each 
plant discussed in this report are based on the number of hours the equipment 
was assumed to be used over the season. 


Because most plants have sufficient equipment to handle peak workloads 
promptly, annual hours of use may differ from the assumptions used herein. In 
such cases, plant operators can compute their estimated annual operating costs 
by determining the number of hours the equipment is used, and following the 
method described. 


LABOR REQUIREMENTS AND TOTAL COSTS FOR 100,000-BOX PLANTS 


For purposes of analyses, certain assumptions were made about the operatio 
of the synthesized plants. These covered the operating period, the receiving 
period, the receiving rate, the volume of fruit moved directly to the packing 
room, and the volume of fruit shipped daily. 


The duration of the operating period was assumed to be 91 days for the 
100,000-box plants (fig. 7). During this period, all fruit was assumed to be 


100,000-Box Packing and Storage Plants 


OPERATING PERIODS FOR SPECIFIED 
APPLE HANDLING OPERATIONS 


OPERATION (DAYS) 


Receive to storage and to pack- 
ing room. 


Move from storage to temporary 
supply bank in packing room; 
move from supply bank to pack- 
ing line; segregate packed boxes; 
and move from packing room to 
storage. 


Blockout and move packed boxes 
from storage to shipping area; 
move from shipping area and load 
on railroad car 


U.S. DEPARTMENT OF AGRICULTURE NEG. 4348-57 (7) AGRICULTURAL MARKETING SERVICE 


Figure 7 
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received in the first 27 days. For the first 3 days, 2,500 boxes per day 
‘were assumed to be received and moved into storage. The receiving rate for 
the next 9 days was 3,000 boxes per day, 500 of which were moved directly to 
_the temporary supply bank in the packing room. A 7-day peak receiving period 
followed, during which 6,000 boxes were received daily (twice the daily volume 
of the preceding 9 days), 1,000 boxes of which were moved to the packing room 
and 5,000 to storage. The number of boxes for the remaining 8 days of the 
receiving period was 3,000 per day, with 500 moving directly to the packing 
‘room. 


The packing period covered 44 days. It began on the 4th day and ended 
on the 47th day of the operating period. For the first 9 days of the packing 
period, and from the 16th to the 24th day, of the 2,250 boxes dumped per day, 
1,750 boxes were moved from storage to the temporary supply bank in the pack- 
ing room. During the peak receiving period, 1,250 boxes per day were moved 
from storage to the supply bank in the packing room. For the remainder of the 
jpacking period (20 days), 2,250 boxes per day were moved from storage to the 
supply bank. Throughout the packing period, 2,250 unpacked boxes of apples 
per day were moved from the temporary supply bank to the packing line. With 
a packout of 70 percent, 1,575 packed boxes of fruit per day were segregated 
and moved back to storage. 


It was assumed that the shipping period began on the 4th day and ended 
on the 9lst day. For this 88-day period, 798 boxes per day, or 1 carload 
equivalent, were blocked out in storage, moved to the shipping area, and 
loaded into a railroad car or truck. 


Single-Floor Plant 


Figure 8 shows the floor plan of the 1-floor, 100,000-box packing and 
storage plant used to compute labor inputs and labor and equipment costs for 
the clamp-type 2-wheel hand truck method of handling apples. For fast move- 
ment of fruit to and from storage banks--banks are 20 boxes across--2 main 
aisles and 4 cross aisles, all 4 feet wide, are provided. Four entrances for 
receiving fruit minimize travel distance between the motortruck bringing in 
fruit and the storage areas. 


The floor plan of the 1-floor, 100,000-box plant for the industrial lift 
truck systems of handling is shown in figure 9. Because of relatively large 
overall size of unit loads and equipment, 12-foot aisles were provided to 
give space to maneuver the equipment. Only 2 entrances from receiving area 
‘to storage were required, as fruit was assumed to be stored to a depth of 

36 boxes by both 36-box industrial clamp lift trucks and 48-box industrial 
forklift trucks. 


Clamp-Type 2-Wheel Hand Trucks 


The clamp- type 2-wheel hand truck has been a standard type of equipment 
for many years in apple packing and storage plants. The hand truck is con- 
venient for handling the standard apple box, and it has low ownership and 


oD 


*asv4o7s ur Yys1Yy ZT payaD1s saxog payonodun ‘pasn asp syoniz pupy 1 2aym-Z 
adkj-dup] 2 uayn yuvj,d adpuojzs puv Bur1y9nd aj7ddpn xo0q-QQ0 ‘OOF 100) f a] au1s pv uof ynoXkp)] yun) d paunssy--°9 aundry 


JOIAUSS ONILSWYVW TWWYNLINIYOYV (Ol) 496-2I9b O3N SYNLINIIYOV 40 LNIWLYVd30'SN 
WHOILV Id 
one ase 103 
AUVYOdW3L 


WYO5SLV1d SNIAIZ934 


«0-0 JI1SIV 


39VYHOLS 
J9VYOLS 
J9VYOLS 
J9VYOLS 
v SAStV 
39VYOLS 


JNIT ONINDVd 


0 


V3uV 
INiddIHS 


V3au¥vV NOILV93N9I3S 


‘adp4oys ur yd1Yy Z] payonzs saxoq payoodun ‘pasn aun syonaq 4 f2] 
[D147 snpur uaym zuv]d adp4078s pun Suryovd ajddv xoq-~gg ‘(OF 400) f a)3ur1s v uof ynokv] yunjd paunssy--"g aund1y 


JDAYIZS ONILAWYVW TVWENLINIYOV (0O1)-2S F19b O9IN AYNLINDIYNV JO LNIAWLYVd 30 SN 


WYO5LV Id 
ONIAISO3SY 


Oc OlS O 
——— isis s| 


‘NYS 499440 aj09S 


AlddNS 
AYVYOdWIL 


WHOSLV 1d ONIAISO3Y 
—— ee 


,O-,cl 31SI¥ 


Sey Ss 


39VYOLS 39VYOLS JOVYOLS 39vY¥0LS 


3NIT ONINOVd 


V3auV 
ONiddIHS 


V3ay¥V NOILV93YN93S 


HO) rAll 2h alyiy 


= TA = 


operating costs. However, labor costs of using 2-wheel hand trucks are 
relatively high. 


Labor requirements and costs.--Table 1 shows the estimated number of 
workers required daily for specified periods and the man-days of labor required 
to perform all handling operations by the 2-wheel hand-truck method in the 
1-floor, 100,000-box plant for the 91-day operating period. 


Table 1.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of clamp-type 
2-wheel hand trucks in a 1-floor, 100,000-box apple packing and 
storage plant 


Days of > Workers : Total labor 


Period : : 

: operation 1/ : er day 2/ : required 

Number 3 Number : Man-days 
MSteLOeord Gay 2 eos. we ergo, Wels 3 : 4 = 2 
Ath tos 2th day. % <0) 3 SS <2 eine 24 : 12 : 288 
2Oth ato vith! day: 0.) 4 0. 5s wokesa ere 20 : ) : 180 
ASthcto 9st day 2,5 Sa. ssilica es 44 : 2 : 88 
POGal = 44 4s 4s, oe eee 91 : - 2 568 


/ Eight hours per day. 
i 


1 
2/ Unskilled workers. 


In the analysis of this method, it was assumed that the crews would 
range from 2 to 12 workers and be employed for 568 man-days. Apples were 
received at the rate of 2,500 boxes per day for the first 3 days; they were 


moved into storage and high-piled by a 4-man crew. Of the total time, 288 man-| 


days were required for the remainder of the receiving period (24 days) to: 

(1) Receive 77,500 boxes into storage and 15,500 boxes to the temporary supply 
bank in the packing room; (2) transfer 38,500 boxes from storage to temporary 
supply bank; (3) transfer 54,000 boxes from temporary supply bank to packing 
line; (4) segregate 37,800 packed boxes and move them to storage; and 

(5) block out 19,000 boxes in storage and transfer them to shipping area and 
then to railroad cars or trucks, and load them. For 20 days after the receiv- 
ing period, 180 man-days of labor were required to transfer 46,000 boxes from 
storage to supply bank and then to packing line; segregate 32,200 packed boxes 
and move them to storage; and block out 16,900 boxes in storage and ship them 
out. Two men were required to block out 35,900 boxes in storage and ship 

them during the remaining 44 days. 


Shs 


It was assumed that unskilled labor was used to perform all handling 
operations in the clamp-type 2-wheel hand truck system. Total labor cost for 
568 man-days, uSing a "current" wage rate of $1.15 per hour, was $5,225. 


: Equipment requirements and costs.--Equipment requirements for the 
-100,000-box plant for the 2-wheel hand truck method were based on daily needs 


lof the 7- -day peak operating period (table 2). Fourteen 2-wheel hand trucks 
‘were required; 9 were used for handling boxes and 5 were held in reserve in 
‘case of breakdown or other emergency. Ten 10-foot sections of roller conveyor 
‘were used in the packing room to accumulate unpacked boxes at the end of the 
packing line and to segregate packed boxes. These were the only types of 


pewipment assumed to be required to perform all handling operations. 


Ownership and operating costs of the above equipment for the season 
amounted to $165.82. Of this, $153.52, or 93 percent, was for ownership costs 
and $12.30 for operating costs, which were mainly for maintenance. 


‘Table 2.--Ownership and operating costs for specified types of materials-handling equipment 
required by clamp-type 2-wheel hand truck method in a l-floor, 100,000-box apple packing | 
and storage plant 


om Cains ie as per year _: ; Jotal 
: : : : : Insurance: : Oper-  :ownership 
Type and amount :Replace-:Assumed: : Inter-: and: : ating :and oper- 
| of equipment : ment : life : Depre-:est at : taxes at: Total :cost per: ating 
=COSGL/ = :Clation: 5 per-: 2 per- : : year :cost per 


: ee ae ___: cent ; cent = 2 ear 
:Dollars : Years :Dollars Dollars Dollars Dollars: Dollars: Dollars 


14 clamp-type 2-wheel : ; : : ; 
(Nwend ‘trucks..:.°.°.°.: SOS te 40: 20 Sol. ot 625.94 20.9 98.56 : 9.80 : 108.36 


100 feet of roller 
conveyor, 11 floor 
supports, 1 curved 


_ section PR cchebe te : o22 225: Swe wOle Ole mel Oeo 0 9.84 54.96: 2.50 : 57.46 


Watalnie sss. 6 my nyAcH 65: : 84.69 38.24 S0n0o . ods 02, 2 LAeOUt ee elOoR0Z 


1/ Total replacement cost f.o.b.Washington State points. 


2/ Consists only of maintenance. 


Labor and equipment costs.--When the clamp-type 2-wheel hand truck method 
was used in the 1-floor, 100,000-box plant, total annual labor and equipment 
costs for handling operations were $5,391. Over 97 percent, or So. 2eoe ror 
the total was for labor, and about 4 percent covered ownership and operating 
costs of hand trucks and roller conveyors. 


=hGu= 
36-Box Industrial Clamp Lift Trucks 


In the 1-floor, 100,000-box plant employing 36-box industrial clamp lift 
trucks, all handling operations, except segregating packed boxes and loading 
them into railroad cars or trucks, were performed by industrial lift trucks. 
Fruit was moved from stabilized truckbeds to storage and stacked, or to a 
temporary supply bank in the packing room. Fruit being shipped was blocked 
out in storage, transferred to the shipping area and to the railroad car or 
truck door by industrial clamp lift trucks, and manually loaded into the 
carriers. 


Labor requirements and costs.--The number of workers used daily for 
specified periods of time and total man-days of labor required to perform all 
handling operations with 36-box industrial clamp lift trucks are shown in 
table 3. Total labor required for the 91 days was 311 man-days. 


Table 3.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of 36-box 
industrial clamp lift trucks in a 1-floor, 100,000-box apple packing 
and storage plant 


: : Workers per day : Total 
Period : Days of > Semi- ; Un- : labor 
: operation 1 : 
Number : Number Number : Man-days 
St to 3rd Gay <=. <=: 3 : I - : 3 
Ath to 27th day. ...: 24 : 2 3 : 120 
28th to 47th day .. .: 20 : 2 3 : 100 
48th to 91st day .. .: 44 : if 1 ; 88 


TOGals cu: so. vere 91 : - - : 311 


1/ Eight hours per day. 
2/ Clamp lift truck operators. 
3/ Car loaders and segregators. 


When this method was used in the 1-floor plant, crew size varied from 
1 to 5 workers for the 91-day period. In receiving 2,500 boxes per day into 
storage the first 3 days of operation, only 1 truck operator was needed. 
Five men--2 truck operators, 1 segregator, and 2 car loaders--were used for 
24 days (120 man-days) to: (1) Receive and move 77,500 boxes into storage 
and 15,500 boxes to a temporary supply bank in the packing room; (2) move 
38,500 boxes from storage to temporary supply bank; (3) move 54,000 boxes 


wry. 


from temporary supply bank to packing line; (4) segregate 37,800 packed boxes 
by grade, size, and variety, and move them back to storage; and (5) block out 
19,000 boxes in storage and move them to the shipping area and to railroad 

cars or trucks and load them. Five workers--2 lift-truck operators, 1 segre- 
gator, and 2 car loaders--are used for 20 days to move 46,000 boxes from 
storage to temporary supply bank to packing line; segregate 32,200 packed boxes 
and move them to storage; and block out 16,000 boxes in storage and ship them. 
Only 1 car loader and 1] lift-truck operator are used for the remaining 44 days 
to block out and ship 35,000 boxes. The lift truck operator assisted with 

car loading. 


Total labor cost to perform handling operations for the season by the 
36-box industrial clamp lift truck method in the 1-floor, 100,000-box plant 
was $3,023. Of this, $1,404 was paid to lift-truck operators for 135 man-days 
of work, and $1,619 for 176 man-days of labor used to segregate packed boxes 
and load them into railroad cars or trucks. 


Equioment requirements and costs.--Based on a daily workload for the 
7-day peak operating period, two 36-box industrial clamp lift trucks, 


4,160 board feet of 1- by 4-inch lumber for dunnage strips (used to tier unit 
loads in storage), 3 metal-frame, wedge-shaped truckbed stabilizers (as truck 
is backed up, frame pries end of truckbed to even height with loading platform 
to allow industrial lift trucks to operate on truckbed), and ten 10-foot 
sections of roller conveyor were needed for the 36-box industrial clamp lift 
truck system in the 1-floor, 100,000-box plant (table 4). . 


Costs of ownership and operation for all equipment assumed to be required 
by this method amount to $1,604.57 annually. Of this amount, 93 percent was 
for ownership. Eighty-nine percent of the total cost, or $1,434.16, was for 
the 2 industrial clamp lift trucks. Cost for six 2-wheel hand trucks--retained 
for emergency use--of $45.24 is included in the total. 


Labor and equipment costs.--Labor and equipment costs for performing 
handling operations with 36-box industrial clamp lift trucks in the 1-floor, 


100,000-box plant amounted to $4,628 per year. Of this, $3,023, or 65 percent, 
was for labor and $1,605, or 35 percent, for equipment. 


48-Box Industrial Forklift Truck 


Only one 48-box industrial forklift truck was required in the 1-floor, 
100,000-box plant. However, 6 clamp-type 2-wheel hand trucks were retained 
for emergency use in the event of a breakdown of the lift truck. One worker 
was assumed to be needed to segregate packed boxes, and 2 workers to load 
fruit into railroad cars or trucks. 


Labor requirements and costs.--The 48-box industrial forklift truck 
method in the 1-floor, 100,000-box plant required 207 man-days of labor to 
perform all handling operations (table 5). Of this, 176 man-days were worked 
by 1 segregator and 2 car loaders. The truck operator was required throughout 
the 91-day season. 
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Table 5.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of 48-box 
industrial forklift truck in a 1-floor, 100,000-box apple packing and 
storage vlant 


: : Workers per day : Total 
Period >: Days of : Semi- : Un- : labor 
: operation 1/ : skilled 2/ : skilled 3/ : required 
Number : Number Number : Man-days 
mre tO ord day... . : 3 : 1 - = 
‘Ath to 27th day... .: 24 ; 1 3 : 9% 
‘28th to 47th day... : 20 ; 1 3 : 80 
‘ABth to 9ist day... : 44 i 1 : 88 
| Totalna. : .<: 91 - : 267 


| 1/ Eight hours per day. 
| 2/ Forklift truck operator. 
| 3/ Car loaders and segregators. 


Total crew size varied from 1 worker for the first 3 days of operation 
to 4 for the next 44 days, which covered the remainder of the receiving period 
‘and all of the packing period. Only the forklift truck operator was assumed 
to be needed for the first 3 days to receive 2,500 boxes per day into storage. 
‘The 4-man crew was used for the next 44 days to: (1) Receive 92,500 boxes 
(77,500 boxes to storage and 15,500 to temporary supply bank); (2) move 
'84,500 boxes from storage to temporary supply bank; (3) move 100,000 boxes 
‘from temporary supply bank to packing line; (4) segregate 70,000 packed boxes 
and move them to storage; and (5) block out 35,000 boxes in storage, move them 
‘to the shipping area, and to railroad cars or trucks, and load them. For the 
remaining 44 days, 1 truck operator and 1 car loader were used to ship out a 


-carload equivalent a day, or a total of 35,000 boxes for the period. 


Total labor cost for the season, using the industrial forklift truck 
method, was $2,566, of which $946 was paid to the forklift truck operator and 
$1,620 to the segregator and car loaders. 


Equipment requirements and costs.--As shown in table 6, it was assumed 
that, in addition to one 48-box industrial forklift truck, there were needed 


en 1 the peak operating period 1,580 pallets, 3 truckbed stabilizers, 

ten 10-foot sections of roller conveyor, 2 pallet dollies for carloading, and 
_6 clamp-type 2-wheel hand trucks (for emergency use) to perform daily handling 
operations by this method. 
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Practically all equipment costs for this method were for the industrial 
forklift truck and pallets. Of the total cost of $1,573.10, 91 percent was 
for the 1,580 pallets and forklift truck. Ninety-four percent of the total, 
or $1,471.40 was for ownership costs of depreciation, interest, insurance, 
| and taxes for all equipment, and 6 percent, or $101.70, for power and 
| maintenance. 


Labor and equipment costs.--Labor and equipment costs for all handling 
Operations involved in moving apples into, within, and out of a 100,000-box, 


1-floor plant, using the 48-box industrial forklift truck method, were cal- 
culated at $4,139 per year. Of this, $2,566, or 62 percent, was for labor 
and $1,573, or 38 percent, was for equipment. 


Two-Floor Plant 


A larger volume of apples has been received in Pacific Northwest packing 
plants by use of belt conveyors and clamp-type 2-wheel hand trucks than with 
any other type of equipment. The belt conveyor still is used extensively in 
multistory plants for moving fruit between floors. In some of these plants, 
}the 24-box industrial clamp lift truck has replaced 2-wheel hand trucks. 


In devising the 2-story, 100,000-box plant, one 88- by 100-foot storage 
unit was placed over another. Figure 10 shows the floor plan used for the 
-clamp-type 2-wheel hand truck and belt conveyor method of operation. Aisles 
in this layout were assumed to be 4 feet wide. Width of aisles for efficient 
Operation of 24-box industrial clamp lift trucks was assumed to be 9 feet 
(fig. 11). In receiving to the second floor, boxes were manually placed on 
the conyeyor and elevated to the upper floor through a port in the wall 

| (fig. 12) and a hatch in the second floor. On the second floor, the boxes 
‘were manually removed from the belt conveyor, stacked in 6-high stacks, and 
‘moved to the storage area by either clamp-type 2-wheel hand trucks or 24-box 
-clamp-type lift trucks. When hand trucks were used, high-piling above the 
Original 6-high stacks was done manually. High-piling was done by the lift 
truck when one was used: Boxes of loose fruit stored on the second floor were 
‘moved from storage area to temporary supply bank in the packing room by the 
Same handling equipment and another belt conveyor. Packed boxes were moved 

| from the segregation area in the packing room to second-floor storage by a 

| third belt conveyor. The actual segregation was done on the second floor for 
jfruit stored there. A fourth belt conveyor was used, in conjunction with 
(hand trucks or an industrial clamp lift truck, to move packed fruit from 
second-floor storage to the shipping area. 


Fruit stored on the first floor was moved from stabilized truckbeds to 

| storage and stacked 12 high, or to a temporary supply bank, by industrial 

lift trucks. By the clamp-type 2-wheel hand truck method, 6-high stacks of 

| boxes were moved from truckbeds to storage and high-piled manually to 12 high, 
jor the 6-high stacks were moved directly to the temporary storage bank in the 
|packing room. For fruit stored on the first floor, the methods used with 
‘both types of equipment for blocking out fruit to be shipped, moving it to 
Shipping area and to rail cars or trucks, and loading it, were the same as 
‘those used for the 36-box industrial clamp lift trucks and 2-wheel hand trucks 


for the 1-floor, 100,000-box plant. 
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Figure 10.--Assumed plant layout for a 2-floor, 100,000- 
box apple packing and storage plant when clamp-type 
2-wheel hand trucks and belt conveyors are used, un- 
packed boxes stacked 12 high in storage. 
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Figure 11.--Assumed plant layout for a 2-floor, 100,000- 
box apple packing and storage plant when 24-box indus- 
trial clamp lift trucks and belt conveyors are used, 
unpacked boxes stacked 12 high in storage. 
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Clamp-Type 2-Wheel Hand Trucks 
and Belt Conveyors 


Labor requirements and costs.--Crew 
size varied from 2 to 14 workers for the 


metnod using the clamp-type 2-wheel hand 
truck and belt conveyor in the 2-floor, 
100,000-box plant (table 7). Total labor 
inputs required by this method for the 
season were 619 man-days. Four men were 
used the first 3 days to receive into 
storage 2,500 boxes per day. The crew con- 
NEG. BN-5123 sisted of 13 men for 17 days of the remain- 
Figure 12.--Boxes being received by ing 24-day receiving period (9 days before 
belt conveyor through port in wall. and 8 days after the peak operating period). 
During that time, 42,500 boxes were 
received and placed into storage and 8,500 boxes were received and moved to the | 


ae meee 


ee 


to temporary supply bank, move 9,000 boxes from storage to supply bank and 
16,000 boxes from supply bank to packing line, segregate 11,200 packed boxes 
and transfer them to storage, and block out 5,500 boxes in storage and ship 
them. For the 20 days needed to pack out the remainder of the fruit, 10 men 
were used to move 46,000 boxes from storage to supply bank to packing line, 
segregate 32,200 packed boxes and return them to storage, and block out 

16,000 boxes in storage and ship them. Two men were assumed for the remaining 
44 days to block out and ship 35,000 boxes. 


handling operations for a 91-day season by use of clamp-type 2-wheel hand 
trucks and belt conveyors in a 2-floor, 100,000-box apple packing and storage; 
plant 


Days of  : Workers : Total labor 

Period ; operation. 1/ = per day 2 : required 

: Number : Number 3 Man-days 
lst to 3rd day . : 3 4 A 2 
Ath to 12th day. err 9 : 13 5 Ly 
HOLMALO LOT HU day. 4, 4 oc cas i : 14 3 98 
ZUG eto 2th day fos. wc 8 4 13 104 
20th) to AT th day 24. ~ ise. 8 20 10 3 200 
A8th to 91st day . : 44 2 : 88 
Total 3 : wl 2 - 619 


1/ Eight hours per day. 
2/ Unskilled workers. 


eas 


Total labor cost for the 2-wheel hand truck and belt conveyor method at 
the "current". wage rate of $1.15 per hour was $5,695 for the season. 


Equipment requirements and costs.--As shown in table 8, the daily 
workload for the 7-day peak operating period in the 2-floor, 100,000-box 


plant, using the 2-wheel hand truck and belt conveyor method, required 
15 clamp-type 2-wheel hand trucks, 450 feet of belt conveyor, and ten 10-foot 
sections of roller conveyor. 


Total annual equipment cost of this method in the 2-floor plant was 
$695.33. Of this, $645.06, or 93 percent, was for the fixed-cost items of 
depreciation, interest, insurance, and taxes. A substantial part of the 
Operating cost of $50.27 was for maintenance of the 4 conveyors. 


Labor and equipment costs.--Labor and equipment costs for the clamp-type 
2-wheel hand truck and belt conveyor method in the 2-floor, 100,000-box plant 


‘amounted to $6,390 per year. Of this total, 89 percent, or $5,695, was for 
labor and the rest for equipment. 


24-Box Industrial Clamp Lift Trucks and Belt Conveyors 


Labor requirements and costs.--When 24-box industrial clamp lift trucks 
and belt conveyors were used, 412 man-days of labor were required to perform 
andling operations over the 91-day period in the 2-floor, 100,000-box plant 
(table 9). This total consisted of 142 man-days of labor for lift-truck 
perators, at a cost of $1,477, and 270 man-days for conveyormen, car loaders, 
nd a worker to segregate packed boxes, at a cost of $2,484. 


Crew size for this plant using 24-box industrial clamp lift trucks and 

belt conveyors, varied from 2 to 8 workers. For the first 3 days of the 

eriod, 1 truck operator and 2 convéyormen were required to receive and place 

in storage 2,500 boxes of apples per day. A 7-man crew--2 truck operators, 
conveyormen, 2 car loaders, and 1 man to segregate packed boxes--was used 

or 9 days before and 8 days after the peak receiving period to: (1) Receive 

2,000 boxes into storage and 8,500 boxes directly to the temporary supply 

bank; (2) transfer 29,500 boxes from storage to temporary supply bank; 

(3) transfer 38,000 boxes from temporary supply bank to packing line; (4) seg- 

Pe ystc 27,000 packed boxes and move them to storage; and (5) block out 


13,500 boxes in storage, transfer them to shipping area and to railroad cars 
or trucks, and load them. An 8-man crew (1 additional truck operator) was 
equired for the 7-day peak operating period to: (1) Receive 35,000 boxes 
into storage and 7,000 boxes directly to the temporary supply bank; (2) trans- 
fer-9,000 boxes from storage to temporary supply bank; (3) transfer 16,000 
boxes from temporary supply bank to packing line; (4) segregate 11,000 boxes 
and move them to storage; and (5) block out 5,500 boxes in storage, transfer 
hem to shipping area and to railroad cars or trucks, and load them. A 
T-man crew was required for 20 days after the receiving period to transfer 
9,000 boxes from storage to temporary supply bank to packing line; segregate 
32,000 boxes and move them to storage; and block out 16,000 boxes in storage, 
ransfer them to shipping area and to railroad cars or trucks, and load them. 
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Table 9.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of 24-box 
industrial clamp lift trucks and belt conveyors in a 2-floor 
100,000-box apple packing and storage plant 


: : Workers per day : Total 
Period : Days of : Semi- : Un- ; labor 

: operation 1/ : skilled 2/ : skilled 3/ : required 

Number : Number Number : Man-days 
mst to 3rd day ... : 3 : iL Ps 9 
mth to 12th day. .. : 9 : es 5 : 63 
13th to 19th day .. : 7 ; 3 55 56 
20th to 27th day .. : 8 2 5 ; 56 
28th to 47th day .. : 20 ; 2 5 : 140 
48th to 91st day .. : 44 1 1 88 
oiwallese 4 8h st oT : - - : 412 


} : : : 


1/ Eight hours per day. 
2/ Industrial truck operators. 
3/ Conveyormen, car loaders, and segregators of packed boxes. 


The remaining 35,000 packed boxes were shipped out over the last 44 days of 
the period by 1 car loader and 1 truck operator who assisted the car loader 
in moving boxes by conveyor from the second floor to the shipping area and in 

_stowing boxes in cars. 


i Equipment requirements and costs.--Table 10 shows the annual ownership 
_and operating costs of the equipment required. by this method in the 2-floor, 
-100,000-box plant. The daily workload for the 7-day peak operating period 
‘required: (1) Three 24-box industrial clamp lift trucks (2 on first floor 
and 1 on second floor); (2) 4,160 board feet of 1- by 4-inch lumber for 
_dunnage strips; (3) 4 belt conveyors; (4) 3 truckbed stabilizers; (5) ten 
-10-foot sections of roller conveyor; and (6) 6 clamp-type 2-wheel hand trucks 
for emergency use. 


| Total costs for the equipment were $2,299.90 per year. Ownership and 
operating costs of the 3 lift trucks amounted to 71 percent of the total, or 
($1,605.51. Of this, $134.50 was operating costs. 


Labor and equipment costs.--Labor and equipment costs for the method 
using the 24-box industrial clamp lift truck and belt conveyor in the 2-floor, 


- 100,000-box plant amounted to $6,261 per year, of which 63 percent, or $3,961, 
was for labor and 37 percent, or $2,300, for equipment. 

i 
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Comparative Costs of Five Methods 


Table 11 shows the comparative labor and equipment costs of handling 
operations in moving apples into, within, and out of l- and 2-floor, 
100,000-box apple packing and storage plants by methods utilizing 5 types of 
equipment. 


Table 11.--Comparative labor and equipment costs per year by use of specified 
types of materials-handling equipment in 1- and 2-floor, 100,000-box apple 
packing and storage plants 1/ 


: : Labor ane equipment costs per year 
> Labor = > Total cost 
Equipment OTN Labor : Equipment : Current ; eee 


:wages 2 wages 3 
‘ifan- nays: Dollars Dollars nyeoe eae Dollars 


1-floor plant : 2 
Clamp-type 2-wheel hand : 
CHUCKS acs ; ee 568" 5 3..5.225 166 5,391 6,528 
36-box industrial clamp : : 
fetntetGuckS.|. . « . . « .:4/ 311 ©: 3,023 1,605 4,628 5,290 
48-box industrial forklift : : 
PRUCKSHGe. ceo. cs s-. - st0/ 267 +: 2,566 eyes} Ani 3y 4,672 


2-floor plant 


Clamp-type 2-wheel hand 


trucks and belt conveyors.: 619 <: 5,695 695 6,390 yamey3s) 
24-box industrial clamp ; 3 
lift trucks and belt con- : 2 
MeVOGS@eness ss. ..> « - -20/ 412 2: 3,961 2,300 6,261 7,085 


1/ Handling operations perfermed are: (1) Receive 84,500 boxes to 
storage and 15,500 boxes to temporary supply bank in packing room, (2) transfer 
84,500 boxes from storage to temporary supply bank; (3) transfer 100,900 boxes 
from supply bank to packing line; (4) segregate 70,000 packed boxes and transfer 
to storage; and (5) block out 70,000 boxes in storage, transfer to shipping 
area, to railroad cars or trucks, and load. 

2/ Based on a wage rate of $1.15 for unskilled labor and $1.30 for 
semiskilled labor (truck operators). 

3/ Based on a wage rate of $1.40 for unskilled labor and $1.55 for 
semiskilled labor (truck operators). 

4/ Unskilled labor, 1760 man-days; truck operators, 135 man-days. 

5/ Unskilled labor, 176 man-days; truck operators, 91 man-days. 

6/ Unskilled labor, 270 man-days; truck operators, 142 man-days. 


= 30ne 


The 48-box industrial forklift truck method required the least labor 
(267 man-days). The system using 36-box industrial clamp lift trucks had the 
next lowest labor input (311 man-days). Those methods using clamp-type 
2-wheel hand trucks in the 1- and 2-floor plants required the highest labor 
inputs; the hand truck method in the 1-floor plant required 568 man-days and 
in the 2-floor plant, when used in combination with belt conveyors, 619 man- 
days. 


The lowest cost method for both 1- and 2-floor plants was by use of the 
48-box industrial forklift truck. Total costs for this method were $4,139 per 
year, $2,566 of which was for labor and $1,573 for equipment. The cost 
difference between this method and the next lowest cost method was relatively 
small. 


The next lowest cost method was by use of 36-box industrial clamp lift 
trucks. Of the total cost of $4,628 per year for this method, $3,023 was for 
labor and $1,605 for equipment. The computation for this method provided for 
2 industrial clamp lift trucks. 


The system using clamp-type 2-wheel hand trucks and belt conveyors in 
the 2-floor plant was the highest cost method. By this method, labor and | 
equipment costs amounted to $6,390 per year, of which 89 percent was for 
labor ($5,695) and 11 percent for equipment ($695). 


had the highest equipment cost because 3 industrial lift trucks were assumed 
to be needed to perform all handling operations--2 on the first floor and 
1 on the second--during each day of the peak operating period. 


The method using 24-box industrial clamp lift trucks and belt conveyors 
LABOR REQUIREMENTS AND TOTAL COSTS FOR 200,000-BOX PLANTS | 
The seasonal operating period assumed for the 1-floor and the 2-floor, | 
200,000-box plants was 91 days--the same as for the 100,000-box plants. The I 
durations of the packing and shipping periods, at 44 and 88 days, respectively, . 
also were the same as for the smaller plants. Fruit was assumed to be received’ 
from growers over a 33-day period, compared with 27 days for the 100,000-box 
plants. 


Figure 13 shows the elapsed time of 7 handling operations over the 
91-day operating period. Receiving fruit into storage was the only operation 
performed the first 3 days of the period. Fruit moved to the 2 packing lines 
at a rate of 600 boxes per hour, or 4,500 boxes per day, for the 44-day period. 
With 1,596 packed boxes (2 railroad-car equivalents) shipped daily, operations 
connected with shipment of fruit covered 88 days. 


Fruit received the first 3 days, at the rate of 3,400 boxes per day, was 
moved directly into storage. The receiving rate for the next 12 days was 
3,000 boxes per day, 1,600 boxes going to the temporary supply bank in the 
packing room. For the 8-day peak operating period, 8,000 boxes per day were 
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200,000-Box Packing and Storage Plants 


OPERATING PERIODS FOR SPECIFIED 
APPLE HANDLING OPERATIONS 


OPERATION (DAYS) 


¥ 


Receive to storage and to pack- 
ing room 


Move from storage to temporary 
supply bank in packing room; 
move from supply bank to pack- 
ing line; segregate packed boxes; 
and move from packing room to 
storage. 


Blockout and move packed boxes 
from storage to shipping area; 
move from shipping area and load 
on railroad car 


U.S. DEPARTMENT OF AGRICULTURE NEG. 4349-57 (7) AGRICULTURAL MARKETING SERVICE 


Figure 13 


transferred to storage and 2,000 boxes to the temporary supply bank. The 
volume received daily for the last 10 days of the receiving period was the 
same as that for the 12 days preceding the peak period. 


The packing rate was assumed to be 4,500 boxes of loose fruit per day. 
For the first 12 days of the 44-day period, and from the 20th to the 30th day, 
1,600 boxes per day were received from growers and transferred to the temporary 
supply bank, and 2,900 boxes were transferred from storage. For the peak 
period, 2,000 of the 10,000 boxes received per day from growers were moved to 
the supply bank and 2,500 boxes transferred from storage. For the other 14 days 
of the packing period, 4,500 boxes were transferred daily from storage to the 
supply bank. Throughout the 44-day period, 4,500 boxes per day were moved 
from temporary supply bank to packing line. With a packout of 70 percent, 
3,150 packed boxes per day were segregated by grade, variety, and size and moved 
to storage. Shipment of fruit, at 2 railroad carload equivalents a day, began 
on the 4th day and ended on the 91st day. Hence, 1,596 boxes per day were 
blocked out in storage, moved to shipping area, moved to railroad cars or 
trucks, and loaded. 
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Single-Floor Plant 


Figure 14 shows the layout of a 1-floor, 200,000-box plant used to 
compute labor and equipment requirements for the clamp-type 2-wheel hand truck 
handling method. It included four 88- by 100-foot storage units. For fast 
receiving of fruit from growers, 8 openings (4 in the front and 4 in the rear 
of the building) were provided. Width and layout of aisles for each unit were 
assumed to be the same as for the 1-floor, 100,000-box plant. The need for 
2 packing lines is based on the assumption that 1 packing line is required for 
eacn 150,000 boxes of loose fruit packed. 


The layout for the 1-floor, 200,000-box plant used for the industrial 
lift truck methods of operation is shown in figure 15. Aisle width and layout 
are the same as for the 100,000-box plant layout. 


Clamp-Type 2-Wheel Hand Trucks 


Labor requirements and costs.--Table 12 shows the number of workers and 
man-days of labor used daily for specified periods throughout the 91-day 
season for the 2-wheel hand truck method in the 1-floor, 200,000-box plant. 
Crew size ranged from 4 workers for the first 3 days and last 44 days, to 
22 workers for the peak operating period. 


Table |2.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of clamp~type 
2-wheel hand trucks in a 1-floor, 200,000-box apple packing and storage 
plant 


Days of : Workers : Total labor 
Period : operation 1/ : er day 2/: : required 
Number : Number : Man-days 
PSimUOGOrU Go y= ae Powe e ee - 3 4 12 
Atnecocloch day. 72es oo awe . 12 20 240 
bOthe to, 23rd day...) says - 8 22 176 
CAthe to Sora, day <3. 4 4) 2 2 af 10 20 200 
34th to 47th day . 14 if, 238 
48th to 91st day ...... fi 44 4 176 
TOLalaec re ea d 91 - 1,042 


1/ Eight hours per day. 
2/ Unskilled workers. 
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Total labor required to perform handling operations throughout the 
‘season was 1,042 man-days. Since no other operations were performed, only 
‘4 workers--2 hand truckers and 2 high-pilers--were needed for the first 3 days 
to receive and place into storage 3,400 boxes of loose fruit per day. For 22 
of the remaining 30 days of the receiving period--12 days before and 10 days 
after the 8-day peak operating period--440 man-days of labor (20 men per day) 
were used to: (1) Receive 74,000 boxes into storage and 36,000 directly to 
the temporary supply bank in the packing room; (2) transfer 64,000 boxes from 
‘storage to temporary supply bank; (3) transfer 100,000 boxes from temporary 
‘supply bank to packing line; (4) segregate 70,000 packed boxes and transfer 
them to storage; and (5) block out 35,000 boxes in storage, transfer them to 
‘shipping area and to railroad cars or trucks, and load them. For the 8-day 
peak receiving period, a daily work crew of 22 men (176 man-days of labor) was 
used to: (1) Receive 64,000 boxes into storage and 16,000 to the temporary 
supply bank; (2) transfer 20,000 boxes from storage to temporary supply bank; 
(3) transfer 36,000 boxes from temporary supply bank to packing line; (4) seg- 
'regate 25,200 packed boxes and transfer them to storage; and (5) block out 
13,000 boxes in storage, move them to shipping area and to railroad cars or 
‘trucks, and load them. After all fruit was received, 238 man-days of labor 
were required for the next 14 days to transfer 64,000 boxes from storage to 
temporary supply bank to packing line, segregate 44,800 packed boxes and 
transfer them to storage, and block out 22,000 boxes in storage and load them 
‘out. A 4-man crew shipped out the remaining 70,000 boxes of packed fruit, in 
the last 44 days of the season. 


| In the 1-floor, 200,000-box plant, unskilled labor was used to perform 
jj all handling operations using the 2-wheel hand truck method. Total labor cost 
a the season (1,042 man-days), using the “current" wage rate, was $9,506. 


| Equipment requirements and costs.--Ihe amount and kinds of equipment used 
“to compute costs for the 2-wheel hand truck handling method in the 1-floor, 


. 200,000-box plant are shown in table 13. Including reserve equipment for 
emergencies, 20 clamp-type 2-wheel hand trucks were needed to perform handling 
Operations occurring daily for the 8-day peak operating period. For accumulation 
of unpacked boxes at packing lines and segregating packed boxes, twenty 10-foot 
sections of roller conveyor were used. No other equipment was needed. 


i 


Ownership and operating costs for the equipment amounted to $276.73 
per year. About 81 percent of the $26 per year operating cost was for main- 
tenance of the 20 hand trucks. 


Labor and equipment costs.--Total annual labor and equipment costs in the 
_1-floor, 200,000-box plant by use of 2-wheel hand trucks was $9,863. Of this, 
almost 97 percent, or $9,586, was for labor and the rest for equipment. 


36-Box Industrial Clamp Lift Trucks 
As in the case of the 100,000-box plant, all operations were performed 


by industrial clamp lift trucks, except segregating packed boxes and loading 
| boxes into railroad cars or trucks. 
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Table 13.+-Ownership and operating costs for specified types of materials-handling equipment 
required by clamp-type 2-wheel hand truck method in a 1-floor, 200, 000-box apple packing 


and storage plant 


—Ovnership cost cost per year v0: : Total 
: : : : Insurance: : Oper-  : ownership 
Type and amount :Replace-:Assumed: : Inter-: and =: : ating :and oper- 
of equipment : ment : life : Depre-:est at : taxes at: Total :cost per: ating 
Scoste ly a: :Clation: 5 per-: 2 per- : : year cost per 


Se SEE STs ESE 
Dollars: Years :Dollars Dollars Dollars Dollars:Dollars : Dollars 


20 clamp-type 2-wheel 


Hand stnucks. 2 205. fs AS20032) 20) (a 7410"! 3205 29964 140.79: 21.00 : LOM 
200 feet of roller : 
COUVEYOrts = ao « as ¢ ~Oo0H00: 
22-tloor supports. <2; : 110200: 
90° curved sections. . : -71.50: 
BReteht ee Ghai ay aie eee Loo OUn s Busnes ‘ae 
otal, sien. 984. 50: 15: 65.63 24.62 19.69 “109, oo 5.00 : "114,949 
Grand total .. 2, 46 466. 50: 2 SOS Ol OG sero 250.73: 26.00 : 276.73 


1/f Total replacement cost f.o.b. Washington State points. 


2/ Consists only of maintenance. 


Labor requirements and costs.--Total labor required for the 91-day 
operating period in the 1-floor, 200,000-box plant using 36-box industrial 
clamp lift trucks was 399 man-days (table 14). Based on daily workloads, crew 
sizes using this system ranged from 1 to 7 workers. Only 1 truck operator was 
needed to receive 3,400 boxes per day into storage the first 3 days of the 
period. A 7-man crew, consisting of 3 truck operators, 2 segregators, and 
2 car loaders, was used for the remaining 30 days of the receiving period to: 
(1) Receive 138,000 boxes into storage and 52,000 boxes directly to temporary 
supply bank in packing room; (2) transfer 148,000 boxes from storage to 
temporary supply bank; (3) transfer 200,000 boxes from temporary supply bank 
to packing lines; (4) segregate 140,000 packed boxes and transfer them to 
storage; and (5) block out 7U,000 boxes in storage, transfer them to shipping 
area and to railroad cars or trucks, and load them. A lift-truck operator 
and one carloader were used for the remaining 44 days to block out and ship 
70,000 boxes. 


Total labor cost of this method for the season was $3,886. Truck 
operators were paid $1,862 for 179 man-days of work and segregators and car 
loaders $2,024 for 220 man-days. 


Equipment requirements and costs.--Handling operations performed daily 
for the 8-day peak operating period required three 36-box industrial clamp 


lift trucks, 8,320 board feet of 1- by 4-inch lumber for dunnage strips, 
9 truckbed stabilizers, twenty 10-foot sections of roller conveyor, and 
8 clamp-type 2-wheel hand trucks, the hand trucks for emergency use (table 15). 


BAe he 


Table 14.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of 36-box 


industrial clamp lift trucks in a 1-floor, 200,000-box apple packing 
and storage plant 


: ___ Workers per day : Total 
Period : Days of : Semi - : Un- : labor 
| : operation 1/ : skilled 2/ : skilled 3/ ; required 
| Number - Number Number Man-days 
mest to 3rd day... : 3 1 - 3 
Math to 47th day... : 44 : 3 4 : 308 
W8th to 9st day. . : 44 ; 1 1 88 
Total. ....: 91 " - : 399 


| 1/ Eight hours per day. 
2/ Clamp lift truck operators. 
| 3/ Car loaders and segregators. 


Total costs for the equipment were $2,507.40 per year. Of this, 
$2,298.40 (92 percent) was ownership costs and $209 (8 percent) was operating 
costs. Of the total, $2,202.30 was for ownership and operation of the 3 in- 
dustrial lift trucks. 

| Labor and equipment costs.--The annual labor and equipment costs ina 
“1-flooc plant for receiving, in-plant handling, and shipping out 200,000 boxes 
of unpacked fruit, using 30-box industrial clamp lift trucks, totalled $6,393. 
Of this, $3,886 was for labor and $2,507 for equipment. 

! 


| A8-Box Industrial Forklift Trucks 


Labor requirements and costs.--Use of the 48-box industrial forklift 
truck method in the 1-floor, 200,000-box plant required 355 man-days of labor 
for the 91-day season (table 16). About 38 percent of this labor, or 135 man- 
days, was for truck operators and 62 percent, or 220 man-days, for segregators 
of packed boxes and car loaders. 


| Based on the daily workload, the size of crew for this method varied from 
1 to 6 workers. For the first 3 days, only a truck operator was needed to 
receive 3,400 boxes per ‘day into storage. From the 4th to the 47th day 

aa days), 264 man-days of labor were required of a 6-man crew (2 truck oper- 
ators, 2 segregators, and 2 car loaders) to: (1) Receive 138,000 boxes into 
“storage and 52,000 boxes directly to temporary supply bank in packing room; 
Q) transfer 148,000 boxes from storage to temporary supply bank, (3) transfer 
200,000 boxes from temporary supply bank to packing line; (4) segregate 
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140,900 packed boxes and transfer them to storage; and (5) block out 

| 70,000 boxes in storage, transfer them to shipping area and to railroad cars 
or trucks, and load them. A lift-truck operator and a car loader were used 
| the last 44 days of the season to block out and ship 70,000 boxes. 


| Total labor cost for the season by this method was $3,428. About 
/$1,404 (41 percent) was paid to truck operators and $2,024 to segregators of 
| packed boxes and car loaders. 


|Table 16.--Estimated number of workers and man-days of labor required to 
| perform handling operations for a 91-day season by use of 48-box 

| industrial forklift trucks in a 1-floor, 200,000-box apple packing 

and storage plant 


| 
: S Workers per day : Total 


| Period : Days of ; Semi- : Un- ; labor 

| : operation 1/ : skilled 2/ : skilled 3/ : required 
Number : Number Number ; Man-days 
jist eOmord day . . «=.: 3 ; 1 ~ ; 3 
4th to 47th day... .: 44 :; 2 4 : 264 
“48th to 91st day . . .: 44 : 1 1 :; 88 

POEs es Set ol : - - : 350 
1/ Eight hours per day. 

| 2/ Forklift truck operators. 


3/ Car loaders and segregators. 


Equipment requirements and costs.--Based on the daily workload for the 
peak operating period, 2 industrial forklift trucks, 2,/(o pallets, 5 truck- 


‘bed stabilizers, twenty 10-foot sections of roller conveyor, 4 pallet dollies 
(for car loading), and 8 clamp-type 2-wheel hand trucks (for emergency use) 
‘were required to perform all handling operations in the 1-floor, 200,000-box 

‘plant (table 17). 


Total annual costs for the equipment amounted to $3,016.60. About 

92 percent of this total was for ownership and operation of the 2 industrial 
trucks and 2,775 pallets. Of the total, $2,780.11 represented depreciation, 
‘interest, insurance, and taxes on all equipment. 


| 


Labor and equipment costs.--Labor and equipment costs for handling 
operations performed by the 48-box industrial forklift truck system in the 
1-floor, 200,000-box plant totalled $6,445. Labor cost of $3,428 per year 


exceeded equipment cost by $411. 
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i Two-Floor Plant 


Layouts for the 2-floor, 200,000-box plants used to compute labor and 
equipment requirements and costs for clamp-type 2-wheel hand trucks and 24-box 
industrial clamp lift trucks, in combination with belt conveyors, are shown 

in figures 16 and 17. Four-foot aisles were provided for the 2-wheel hand 
truck method, and 9-foot aisles for the industrial lift truck method. 

Five belt conveyors were used to move fruit to and from second-floor storage. 
Fruit was taken to the second floor by 2 conveyors. Boxes off-loaded from 
these conveyors were stacked in unit loads of 6 and 24 boxes each for movement 
to stacking areas by hand trucks or industrial lift trucks. Boxes were moved 
by conveyor from the second floor to the temporary supply bank in the packing 
room. Packed boxes were moved to the second floor by a conveyor in the rear 
of the packing room. The fifth conveyor extended from the second floor to the 
shipping area. Since boxes were transferred directly from road trucks to 
storage areas by hand truck or industrial lift truck, no belt conveyors were 
provided for movement of fruit stored on the first floor. 


Clamp-Type 2-Wheel Hand Trucks and Belt Conveyors 


| Labor requirements and costs.--In the 2-floor, 200,000-box plant, this 
ethod required 1,108 man-days of labor for all handling operations over the 
(91-day season (table 18). Size of crew ranged from 4 to 23 workers, based on 
daily workloads for specified periods. To receive 3,400 boxes per day for the 
first 3 days, a 4-man crew (12 man-days) was required. For the next 12 days 
and from the 28rd to the 33rd day, 22 men (484 man-days) were needed to: 

Q) Receive 74,000 boxes into storage and 36,000 boxes directly to temporary 
‘Supply bank in packing room; (2) transfer 64,000 boxes from storage to temporary 
supply bank; (3) transfer 100,000 boxes from supply bank to packing lines; 

(4) segregate 70,000 packed boxes and transfer them to storage; and (5) block 
out 35,000 boxes in storage, transfer them to shipping area and to railroad 
‘cars or trucks, and load them. A 23-man crew was required during the 8-day 
peak operating period to: (1) Receive 64,000 boxes into storage and 16,000 to 
‘temporary supply bank; (2) transfer 20,000 boxes from storage to supply bank; 
(3) transfer 36,000 boxes from supply bank to packing lines; (4) segregate 
'25,200 packed boxes and transfer them to storage; and (5) block out 

(13,900 boxes in storage and ship them. With the packing rate set at 4,500 boxes 
‘of loose fruit per day, 18 men were used for 14 days following the receiving 
‘period to: (1) Transfer 64,000 boxes from storage to temporary supply bank 

a packing line; (2) segregate 44,800 packed boxes and transfer them to 


storage; and (3) block out 22,000 boxes in storage and ship them. A 4-man 
crew was required for the remaining 44 days of the 91-day period to block out 
70,990 boxes in storage and ship them. 


} 
H Total labor cost for the season, when the clamp-type 2-wheel hand truck 
and belt conveyor method was used in the 2-floor plant, was $10,194. 
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Figure 16.--Assumed plant layout for a 2-floor, 200,000-box apple packing and storage plant 
when clamp-type 2-wheel hand trucks and belt conveyors are used, unpacked boxes stacked 
12 high in storage. 
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_ Figure 17.--Assumed plant layout for a 2-floor, 200,000-box apple packing and storage plant 
when 24-box industrial clamp lift trucks and belt conveyors are used, unpacked boxes 


1 


| stacked 12 high in storage. 
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Table 18.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 91-day season by use of clamp-type 
S-wheel hand trucks and belt conveyors in a 2-floor, 200,000-box apple 
packing and storage plant 


Days of : Workers : Total labor 
Period : operation 1 : per day 2/ : required 
Number : Number : Man-days 
Stat Oeobd day ie. cs sce. es 3 : 4 : 12 
AthtOmlocnidays “4.5. Ue aha. 2 12 : 22 : 264 
l6theto 23rd day. 2 29% ss 8 z 23 : 184 
2AtieLOwsorG “day~ 2" se 2} iG 1 ae 10 : 22 : 220 
Saeco. 4CtN.Gay. 2.4%. ct cen sides Ao 14 : 18 : 202 
ASthto “GESE day i: 2 255 21272 44 : 4 : 176 
Oba ss Ae ee ie. ach eenakes 91 : - 2 O08 
1/ Eight hours per day. 
2/ Unskilled workers. 


Equipment requirements and costs.--To perform daily handling operations 
during the peak operating period, 25 hand trucks, 5 belt conveyors, and 


200 feet of roller conveyor were needed (table 19). 


Total annual equipment costs of this method in the 2-floor plant were 
$1,001.58. About 69 percent of this total, or $694.41, was for ownership and 
Operating costs of the 5 belt conveyors. Costs for the 25 hand trucks were 
$192.23 per year, or about 19 percent of the total. 


Labor and equipment costs.--Total labor and equipment costs of the clamp- 
type 2-wheel hand truck and belt conveyor method in the 2-floor plant were 
$11,196 per year. Of this, 91 percent, or $10,194, was for labor and 9 per- 
cent, or $1,002, for equipment. 


24-Box Industrial Clamp Lift Truck and Belt Conveyor 


Labor reguirements and costs.--The number of workers used per day for 
specified periods throughout the 91-day season, using 24-box industrial clamp 
lift trucks and belt conveyors, and total man-days of labor required to perform 
all handling operations in the 2-floor, 200,000-box plant are shown in 
table 20. This method required 619 man-days of labor. 
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Table 20.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 9l-day season by use of 24-box 
industrial clamp lift trucks and belt conveyors in a 2-floor, 
200,000-box apple packing and storage plant 


: : Workers per day 3 Total 
Period : Days of : Semi - : Un- : labor | 
: operation 1/ : skilled 2/ : skilled 3/ : required 
: Number : Number Number : Man-days | 
MsttOeord Oey a,c a: 3 : i 2 : 9 ) 
4th to 15th day. ...: 12 4 a 2 32 | 
16th to 23rd day ... : 8 : 3 7 : 96 
24th to 33rd day ...: 10 : 4 a s. SEO | 
34th to 47th day... : 14 ; 3 7 : 140 | 
48th to 91st day... : ‘Ad : 1 2 cee 
Total ¢ 2.4 <-¢ 91 : - - : 619 


1/ Eight hours per day. 
2/ Clamp lift truck operators. 
3/ Car loaders and segregators. 


Qn the basis of the assumed daily workloads for the various levels of 
Operation throughout the season, crews ranged from 3 workers for the first 
3 days of operation to 12 for the 8-day peak period. Three workers (1 truck 
operator and 2 conveyormen) were required for the first 3 days to receive 
3,400 boxes per day into storage. For 22 of the remaining 30 days of the 
receiving period (12 days before and 10 days after the peak operating period), 
4 truck operators, 4 conveyormen, 1 segregator, and 2 car loaders were used to:) 
(1) Receive 74,000 boxes into storage and 36,000 directly to the temporary 
supply bank in the packing room; (2) transfer 64,000 boxes from storage to 
temporary supply bank; (3) transfer 100,000 boxes from supply bank to packing 
line; (4) segregate 70,000 packed boxes and transfer them to storage; and 
(5) block out 35,000 boxes in storage, transfer them to shipping area and to 
railroad cars or trucks, and load them. A crew of 12 men--1 more truck oper- 
ator to handle additional receipts--was needed during the 8-day peak operating | 
period. A crew of 3 truck operators, 4 conveyormen, 1 segregator, and 2 car 
loaders was used for 14 days following the receiving period to: (1) Transfer 
64,000 boxes from storage to supply bank to packing line; (2) segregate 
44,800 packed boxes and transfer them to storage; and (3) block out 22,000 boxe 
in storage and ship them. Shipment of 70,000 boxes over the remaining 44 days | 


= 4p 


of the season required 1 truck operator and 2 men to load packed boxes of 
fruit into railroad cars and to man the belt conveyor. 


Total labor cost for this method in the 2-floor plant was $5,955 for the 
91-day season. Of this, $2,257 was paid to truck operators and $3,698 to con- 
veyormen, segregator, and car loaders. (Packed boxes moved to second-floor 
storage are segregated at the terminal end of the conveyor.) 


i Equipment requirements and costs.--To perform daily handling operations 
during the 8-day peak operating period, the following amounts and types of 


equipment were required: (1) Five 24-box industrial clamp lift trucks; 

(2) 5 belt conveyors; (3) 8,320 board feet of 1- by 4- by 24-inch strips of 
lumber for dunnage; (4) 5 truckbed stabilizers; (5) 200 feet of roller con- 
veyor; and (6) 8 clamp-type 2-wheel hand trucks for emergency use (table 21). 


Total costs for the equipment amounted to $3,717.19 per year. Of this, 
about 90 percent was for ownership costs and 10 percent for operation. 
Seventy-three percent of the $3,357.64 ownership costs was for depreciation, 
interest, insurance, and taxes for the 5 industrial lift trucks. 


Labor and equipment costs.--Total labor and equipment costs of the 
method using the 24-box industrial clamp lift truck and belt conveyor for the 


2-floor plant were $9,672 for the 91-day period. These costs were divided 
into $5,955 for labor and $3,717 for equipment. 


i 


Comparative Costs of Five Methods 


Table 22 shows the comparative labor inputs and labor and equipment costs 
for performing operations associated with handling 200,000 boxes of unpacked 
fruit into, within, and out of 1- and 2-floor plants by specified systems of 
qandling. The method requiring the lowest amount of labor was that using 
48-box industrial forklift trucks. However, the lowest cost method (by a 
jsmall amount) was that using 36-box industrial clamp lift trucks. As in the 
100,000-box plants, the highest cost system was that using 2-wheel hand trucks 
in the 2-floor plant. 


Labor input for the 48-box industrial forklift truck method for the 
jJl-day period was 355 man-days. The next lowest was for the 36-box industrial 
clamp lift truck system, which required 399 man-days of labor. Labor input 
required by the 2-wheel hand truck method in the 1-floor plant was 1,042 man- 
jays, almost 3 times as much as that for the industrial forklift truck method. 
In the 2-floor plant, the hand truck method required 1,108 man-days, more than 
3 times as much as the forklift truck method. 


| Total labor and equipment costs for the 36-box industrial clamp lift 
truck system (the lowest cost method) were $6,393 for the year. Of this, 
$3,886 was for labor and $2,507 for equipment. 
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Table 22.--Comparative labor and equipment costs per year by use of specified 


types of materials-handling equipment in 1- and 2-flo 2 
i -floor, : = 
packing and storage plants 1/ r, 200,000-box apple 


:__ Labor and equipment costs per year 


Labor : : Total cost 

Equipment :required: Labor :Equipment: Current : Assumed 

: > 2 : : wages 2/ : wages 3 

:>Man-days:Dollars Dollars Dollars Dollars 

Jne-floor plant 

Clamp-type 2-wheel hand : : 

(ETELUCL NSN D GOS Be a 1,042: 9,586 277 9 ,863 Li oag 
36-box industrial clamp : : 

MitbetGUCKSsis. . : . 1 .:4/ 399: 3,886 2,oUt Ocaus 1,191 
48-box industrial forklift : : 


PGS to we tata/. ooo 3,426 3,017 6,445 T, 199 


[wo-floor plant 


Clamp-type 2-wheel hand : : 

trucks and belt conveyors : Po108210,194 1,002 11,196 13,412 
24-box industrial clamp : ; 

lift trucks and belt con- : : 

MevOuSeas oes. oo: a. et6/ 619: 5,955 aat UTE 9,672 10,910 


NO i OO ee, 


me ete Nie gece Aer men Sine a 


; 1/ Handling operations performed are: (1) Receive 149,000 boxes to 

sIstorage and 51,000 boxes to temporary supply bank in packing room; (2) trans- 
fer 149,000 boxes from storage to temporary supply bank; (3) transfer 200,000 
jpoxes from supply bank to packing line; (4) segregate 140,000 packed boxes and 


2 


jtransfer them to storage; and (5) block out 140,000 boxes in storage, transfer 
them to shipping area and to railroad cars or trucks, and load them. 

2/ Based on a wage rate of $1.15 for unskilled labor and $1.30 for semi- 
‘skilled labor (truck operators). 

3/ Based on a wage rate of $1.40 for unskilled labor and $1.55 for semi- 
skilled labor (truck operators). 

4/ Unskilled labor, 220 man-days; semiskilled labor, 179 man-days. 

5/ Unskilled labor, 220 man-days; semiskilled labor, 135 man-days. 

6/ Unskilled labor, 402 man-days; semiskilled labor, 217 man-days. 


The next lowest cost method was by use of 48-box industrial forklift 
trucks. Total costs for this system were $6,445 per year. This is only 

1 percent more than the lowest cost method. Forty-nine percent of this, or 
$3,428. was for labor and 51 percent, or $3,017, for equipment. 


In the 2-floor plant, labor and equipment costs for the system using 
24-box industrial clamp lift trucks totaled $9,672, which was $1,524, or 
14 percent, less than for the hand truck and belt conveyor method. 


=) ne 


Calculated at "assumed" wage rates, the cost of the highest cost method, 
that using hand trucks and belt conveyors, was $13,412, which was 87 percent 
greater than that of the lowest cost method ($7,191), that using 36-box 
industrial clamp lift trucks. 


LABOR REQUIREMENTS AND TOTAL. COSTS FOR 400,000-BOX PLANTS 


The seasonal operating period for the 1- and 2-floor, 400,000-box plants 
was established at 152 days (fig. 18). Duration of the receiving period was 
35 days--2 days longer than for the 200,000-box plant and 8 days longer than 
for the 100,000-box plant. Receiving was the only operation performed the 
first 3 days. The operations associated with fruit packing cover 59 days. 
These operations were: (1) Transfer boxes of apples from storage to temporary 
supply bank in packing room; (2) transfer from temporary supply bank to pack- 
ing line; (3) segregate packed boxes; and (4) transfer packed boxes from 
packing room to storage. The shipping period was determined to be 149 days; 
this compared with 88 days for both the 100,000- and 200,000-box plants. 


400,000-Box Packing and Storage Plants 


OPERATING PERIODS FOR SPECIFIED 
APPLE HANDLING OPERATIONS 


OPERATION (DAYS) 
Sd fe) 40 80 120 160 


(th Lka| T 


Receive to storage and to pack- 
Ing room 


Move from storage to temporary 
supply bank in packing room; 
move from supply bank to pack- 
ing line; segregate packed boxes; 
and move from packing room to 
storage. 


Blockout and movepacked boxes 
from storage to shipping area; 
move from shipping area and load 
on railroad car. 
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Figure 18 
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| For the*first 3 days of the receiving period, 7,000 boxes per day were 
received and placed in storage. The receiving rate for the next 12 days, and 
from the 26th to the 35th day, was 9,000 boxes per day; of these, 2,000 boxes 
were moved directly to the temporary supply bank in the packing room. During 
| the 10-day peak operating period, 18,000 boxes per day were received, 3,000 
boxes going directly to the temporary supply bank. Of the 400,000 boxes 
|received, about 325,000 were moved to storage and 75,000 directly to the 
temporary supply bank. 


| To pack out 400,000 boxes of apples, 3 packing lines were in continuous 
operation for 59 days. Packing operations started on the 4th day and ended 
on the 62nd day. For the first 12 days of the packing period, and from the 
(22nd day to the 32nd day, of the 6,750 boxes packed per day, 4,750 were moved 
out of storage to the temporary supply bank in the packing room. During the 
/peak receiving period, 3,750 boxes were transferred from storage to the tempo- 
‘rary supply bank and 3,000 boxes were moved directly from growers' trucks to 
‘the temporary supply bank. For the remaining 27 days of the packing period, 
‘the entire 6,750 boxes per day were taken from storage and moved to the tempo- 
‘rary supply bank. Throughout the packing period, 6,750 boxes per day were 
transferred from the temporary supply bank to the 3 packing lines. With a pack- 
‘out of 790 percent, 4,725 packed boxes per day were segregated as to size, 


grade, and variety, and placed in storage. 


The shipping period began on the 4th day and ended on the last day of 
the period. For 75 days of this period, 2,394 boxes (3 railroad carload 
equivalents) were blocked out in storage, transported to shipping area and 
to railroad cars or trucks, and loaded. For a 50-day period, shipments were 
reduced to 2 carloads a day, or 1,596 boxes, and for the remaining 24 days of 
‘the period, to 1 carload. 
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Single-Floor Plant 


The 1-floor, 400,000-box plant layout used to compute labor and equipment 
requirements when clamp-type 2-wheel hand trucks alone were used is shown in 
figure 19. Eight 88- by 100-foot storage units were used, 4 of them located 
On each side of the 3-line packing room. Sixteen entrances gave access to 
‘storage areas from the receiving platforms. Eight were at the front and 
eight at the rear. Their locations minimized travel distances in receiving 
‘fruit and moving it to storage. 


Figure 20 shows the 400,000-box plant layout for industrial lift truck 
methods of operation. Since stacking depth was greater when industrial Piet 
‘trucks were used, only 8 entrances for receiving fruit were provided, 4 at 
pene front and 4 at the rear of the building. Both layouts provided an 
‘enclosed shipping area at each end of the building. 


Clamp-Type 2-Wheel Hand Trucks 


Labor requirements and costs.--Labor requirements when clamp-type 2-wheel 
‘hand trucks were used in the 1-floor, 400,000-box plant amounted to 2,114 man- 


days for the 152-day period (table 23). Crew sizes ranged from 2 to 34 workers. 
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Table 23.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 152-day season by use of clamp-type 
2-wheel hand trucks in a 1-floor, 400,000-box apple packing and storage 
plant 


: Days of > Workers : Total labor 
Period : operation 1/ : er day 2/ : required 
Number : Number 5 Man-days 


Ist to- 3rd day. . ..%.- ep 3 6 : 18 
4th to 15th day... 60. st 12 30eneet 360 
I oataaes wut 10 : sae: 340 
bath to S5thdey aca) cee 10 208 nd: 300 
36th to 62nd day ..... e 27 26 702 
63rd to 78th day ..... : 16 ; 6 96 
79th to 128th day. .... e 30 bs) : 250 
onto ede kre 24 eee 48 

Fiveies .. 5. Adee Mies wee hoa 


1/ Eight hours per day. 
2/ Unskilled workers. 


Eighteen man-days were required of a 6-man crew for the first 3 days of 
Operation to receive into storage and high-pile 7,000 boxes per day. A crew 

of 30 men was used for 22 days (12 days before and 10 days after the peak 
receiving period) to: (1) Receive 154,500 loose boxes into storage and 44,000 | 
to the temporary supply bank in the packing room; (2) transfer 105,000 boxes 
from storage to temporary supply bank; (3) transfer 149,000 boxes from temporary 
supply bank to packing lines; (4) segregate 104,300 packed boxes and transfer 
them to storage; and (5) block out 53,000 boxes in storage, transfer them to 
shipping area and to railroad cars or trucks, and load them. A 34-man crew 

was required during the 10-day peak period to: (1) Receive 150,500 boxes 

into storage and 30,000 directly to the temporary supply bank; (2) transfer 
38,000 boxes from storage to temporary supply bank; (3) transfer 68,000 boxes — 
from temporary supply bank to packing lines; (4) segregate 47,600 packed boxes 
and transfer them to storage; and (5) block out 24,000 boxes in storage and 
ship them. For 27 days following the receiving period, 26 men were used to: 

(1) Move 183,000 boxes from storage to temporary supply bank, and from there 

to packing lines; (2) segregate 128,100 packed boxes and transfer them to 
storage; and (3) block out and ship 65,000 boxes. Shipment of 3 carloads per 
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day continued for the next 16 days; a 6-man crew was used for this period to 
block out and ship 39,000 boxes. Shipments of 2 carloads per day were made 
by a S-man crew from the 78th to the 128th day (50 days) of the operating 
period, or a total of 80,000 boxes. For the last 24 days of the period, a 
2-man crew blocked out and shipped 1 carload equivalent per day, totaling 
19,000 boxes. 


Total labor cost of this system for moving 400,000 boxes of loose fruit 
into, within, and out of apple plants over a 152-day period in a 1-floor plant 
was $19,449. 


Equipment requirements and costs.--Table 24 shows the amount and costs 


of equipment required to perform handling operations daily during the 10-day 
peak receiving period. The daily workload of this period required 25 clamp- 
type 2-wheel hand trucks and 300 feet of roller conveyor. 


Compared with other handling methods, the total equipment cost of $397.89 
for the 2-wheel hand truck method was relatively low. Of the total annual 
equipment cost, 86 percent, or $340.89, was for ownership, and 14 percent, or 
$57, for maintenance. Costs for the 300 feet of roller conveyor, at $164.91, 
were about $11 lower than those for the 25 hand trucks. 


Table 24.--Ownership and operating costs for specified types of materials-handling equipment 
required by clamp-type 2-wheel hand truck method in a 1-floor, 400,000-box apple packing 
and storage plant 


——Omership ¢ cost per year _ : : Total 


: : : : Insurance: : Oper- :ownership 

Type and amount Se erry : Inter-: and : : ating :and oper- 

of equipment : ment : life : Depre-:est at : taxes at: Total :cost per: ating 

sense Ly 4 :Clation: 5 per-: 2 per- : : year :cost per 
ea a te Ee RO 0) Le So) | A SL ED ean 758 ae 


aaa : Years —— Dollars Dollars Dollars: Dollars: Dollars 


25 clamp-type 2-wheel : 


and. trucks: . 27. se: 852. 2.50: = 20. — 3-92.62 +) 46.31"° . 37,05: » 115598 AT 00rs 222508 
300 feet of roller : 
CONVEYOR: id. 6 6 ee OTS. 00: 
33 floor supports...’ ,: 165.00: 
3 90° curved sections.: 107.25: 

BEER GC 86 Me a Saar . Ese. pitied eee TS. Sa 8 ee ee 

Tee es le oe 1,476.75: 15: 98.45 36,92 29,54 164,91 : 10,00 : 174,91 


Grand total... iS 328. 28: 2191.07 © 83223 6699 *'340589 21257500' 2 397.89 


1/ Total replacement cost f.o.b. Washington State points. 


2/ Consists only of maintenance. - 
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Labor and equipment costs.--Total labor and equipment costs to perform 
handling operations in the 1-floor, 400,000-box plant using the clamp-type 
2-wheel hand truck method were $19,847. Of this, $19,449, or 98 percent, was 
for labor and $398 for equipment. 


36-Box Industrial Clamp Lift Trucks 


Labor requirements and costs.--The number of workers used daily for 
specified periods throughout the 152-day season and the man-days of labor 
required to perform handling operations by the 36-box industrial clamp lift 
truck method in the 1-floor, 400,000-box plant are shown in table 25. Of the 
729 man-days of labor required, 387 man-days were for truck operators and 
342 man-days for car loaders and segregators of packed boxes. 


Table 25.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 152-day season by use of 36-box 
industrial clamp lift trucks in a 1-floor, 400,000-box apple packing 
and storage plant 


: : Workers per day :;eTotal 
Period : Days of > Semi- : Un- : labor 

; operation 1/ : skilled 2/ : skilled 3/ : required 

Number : Number Number : Man-days 
TSG to cord day 7. “2% 3 | 1 - 3 
Ath to 15th day. ... 2 12 3 4 108 
16th to 25th day... : 10 6 4 100 
26th to 35th day ... : 10 2) 4 90 
36th to. 62nd day... E PAE f : 4 4 216 
63rd to 78th day ... : 16 2 2 ; 64 
(9th to 126th day. 2 «. : 30 1 1 100 
129th to 152nd day . . 3 24 1 1 48 
Total. 4 : = ; ta2 - - {47 


1/ Eight hours per day. 
2/ Clamp lift truck operators. 
3/ Car loaders and segregators. 
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The number of workers used daily by this method throughout the season 
was substantially less than in the 2-wheel hand truck method. By the indus- 
trial clamp lift truck method, only 1 lift truck was needed for the first 
3 days of the season to receive into storage 7,900 boxes per day. For 22 days 
of the receiving period (12 days before and 10 days after the peak receiving 
period), 5 truck operators, 2 car loaders and 2 segregators were used to: 

(1) Receive 154,500 boxes into storage and 44,000 boxes to the temporary 
supply bank in the packing room; (2) transfer 105,000 boxes from storage to 
temporary supply bank; (3) transfer 149,000 boxes from temporary supply bank 
to packing lines; (4) segregate 104,300 packed boxes and transfer them to 
storage; and (5) block out 53,000 boxes in storage, move them to shipping 
area and to railroad cars or trucks, and load them. The crew was increased 
by 1 truck operator (6 truck operators, 2 car loaders, and 2 segregators) for 
the 10-day peak receiving period when daily receipts were assumed to be twice 
those of the 22-day period. For the 27 days needed to pack out the remainder 
of the fruit, 4 truck operators, 2 car loaders, and 2 segregators were used 
to: (1) Move 183,000 boxes from storage to temporary supply bank and then to 
packing lines; (2) segregate 128,100 packed boxes and transfer them to storage; 
and (3) block out and ship 65,000 packed boxes. To block out and ship 3 car- 
load equivalents per day for the next 16 days required 2 truck operators and 
2 car loaders. For the remaining 74 days of the period, 1 car loader and 

1 truck operator, who assisted the car loader in stowing boxes in railroad 
cars or trucks, blocked out and shipped 2 carloads a day for 50 days and 

1 carload for the last 24 days. 


Total labor cost of the 36-box industrial clamp lift truck method in the 
1-floor, 400,000-box plant was $7,171 for the season. Of this, $4,025 was 
paid to truck operators and $3,146 to segregators and car loaders. 


Equipment requirements and costs.--The amount of equipment, based on the 
daily workload for the 10-day peak receiving period, and annual ownership and 


operating costs for this method are shown in table 26. The daily workload 
\during the period required the use of 6 industrial clamp lift trucks, 
116,640 board feet of 1- by 4-inch lumber for dunnage strips, 9 truckbed 
‘stabilizers, thirty 10-foot sections of roller conveyor, and twelve 2-wheel 
hand trucks for emergency use in the event of equipment breakdown. 


Total annual costs for the equipment required were $5,0560.17.5 Of thus, 
\$4,532.41 was for ownership cost and $453.76 for operating cost. About 


i) 


88 percent of the total cost was for ownership and operation of the 6 indus- 


: Labor and equipment costs.--Total labor and equipment costs for the 
method using 36-box industrial clamp lift trucks in the 1-floor plant were 
\$12,207. Labor costs of $7,171 were about $2,135 greater than equipment costs. 
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48-Box Industrial Forklift Trucks 


Labor requirements and costs.--Table 27 shows the number of workers used 
daily for specified periods over a 152-day season and total man-days of labor 
required to perform all handling operations using 48-box industrial forklift 
trucks in a l-floor, 400,000-box plant. Of the total of 644 man-days of labor 
required, 342 were for car loaders and segregators of packed boxes and 
302 man-days for truck operators. 


Table 27.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 152-day season by use of 48-box 
industrial forklift trucks in a 1-floor, 400,000-box apple packing and 
storage plant 


: : _Workers per day : Total 
Period 3) Days: of : Semi- : Un- : labor 

: operation 1/ : skilled 2/ : skilled 3/ : required 

Number >: Number ~- Number : Man-days 
ist tojiord day... . 3 1 - 3 
Ath to 15th day... . 12 4 4 96 
‘6th to-25th day... . 10 4 4 | 80 
Path to 135th day... : 10 : A 4 80 
ep keota-dey . . . ; 27 : «63 4 189 
Bord to 78th day... : io = 4 2 aes 
79th to 128th day. . . 50 : 1 1 : 100 
129th to 152nd day... : 24 el 1 er: 
POwali 5 ss ; Vo2 ; - - : 644 


1/ Eight hours per day. 
2/ Forklift truck operators. 
3/ Car loaders and segregators. 


Crew size for this method ranged from 1 to 8 workers. One truck operator 
was used the first 3 days of the period to receive into storage 7,000 boxes per 
day. For 22 days of the receiving period (12 days before and 10 days after 
the peak receiving period), 4 truck operators, 2 car loaders, and 2 segregators 
of packed boxes were used to: (1) Receive 154,500 boxes into storage and 
144,000 boxes to temporary supply bank in packing room; (2) transfer 105,000 boxes 
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from storage to temporary supply bank; (3) transfer 149,000 boxes from 
temporary supply bank to packing lines; (4) segregate 104,300 packed boxes 
and transfer them to storage; and (5) block out 53,000 boxes in storage, 
transfer them to shipping area and to railroad cars or trucks, and load them. 
The same crew was used for the 10-day peak receiving period, when daily receipt 
were twice those of the 22-day period. A 7-man crew (3 truck operators, 

2 segregators, and 2 car loaders) was required for the succeeding 27 days to 
pack out the remainder of the fruit and also block out and ship 3 carloads 
per day. For the 16-day period when 3 carloads per day were blocked out and 
shipped (no other operations performed), 1 truck operator and 2 car loaders 
were used. The crew was reduced to 1 car loader and 1 truck operator for the 
remaining 74 days; 2 carloads per day were shipped for 50 days and 1] carload 
for the last 24 days. 


Equipment requirements and costs.--Table 28 shows the amount of equipment 
needed to perform the handling operations daily during the 10-day peak receiv- 


ing period for the 48-box industrial forklift truck method, and the annual 
ownership and operating costs for this equipment. To perform these operations |: 
the following equipment was used: (1) Four industrial lift trucks; ; 
(2) 0,250 pallets; (3) thirty 10-foot sections of roller conveyor; (4) 9 truck: 
bed stabilizers; (5) 6 pallet dollies; and (6) 12 clamp-type 2-wheel hand 
trucks (for emergency use). 


Equipment costs for this method were $6,124.19 per year. Of this, 
$5,685.02 was for ownership and $439.17 for operating costs. Total costs for 
the 4 industrial lift trucks and 6,250 pallets amounted to $5,739.57 per year,\}: 
or almost 94 percent of total equipment costs. 
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Labor and equipment costs.--Labor and equipment costs for the 48-box 
industrial forklift truck method in the 1-floor, 400,000-box plant for the 
152-day period totaled $12,411. Equipment cost for this method was $6,124 
which was $163 less than labor cost. 
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Two-Floor Plants 


Figures 21 and 22 show the layouts for the 2-floor, 400,000-box apple 
packing and storage plants used to compute labor and equipment costs for 
2 methods of operation. One layout is for clamp-type 2-wheel hand trucks and | 
belt conveyors, and the other for 24-box industrial clamp lift trucks and 
belt conveyors. In both layouts, 2 conveyors, at the front of the building, 
were used to receive fruit. Boxes moved to the second floor were off-loaded 
from conveyors, stacked in unit loads of 6 and 24 boxes, and moved to and 
placed in storage areas by 2-wheel hand trucks or industrial lift trucks. A 
conveyor was provided to carry unpacked boxes from the second floor to the 
temporary supply bank in the packing room. Another conveyor carried. packed 
boxes from the packing room to the second floor, where they were off-loaded, 
segregated, and stacked in unit loads. A fifth belt conveyor was used to 
transfer packed boxes from the second floor to the shipping area. 
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Figure 21.--Assumed plant layout for a 2-floor, 400,000-box apple packing and storage 
plant when clamp-type 2-wheel hand trucks and belt conveyors are used, unpacked boxes 
stacked 12 high in storage. 
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Figure 22.--Assumed plant layout for a 2-floor, 400,000-box apple packing and storage 
plant when 24-box industrial clamp lift trucks and belt conveyors are used, unpacked 
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Clamp-Type 2-Wheel Hand Trucks and Belt Conveyors 


Labor requirements and costs.--The number of workers used daily for 
specified periods throughout the 152-day season and the man-days of labor 


required to perform handling operations with 2-wheel hand trucks and belt con- 
veyors in the 2-floor, 400,000-box plant are shown in table 29. Only unskilled 


labor was used by this method. 


Table 29.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 152-day season by use of clamp-type 
2-wheel hand trucks and belt conveyors in a 2-floor, 400,000-box apple 
packing and storage plant 


Days of : Workers : Total labor 
Period : operation 1/ : per day 2/ : required 
Number > Number : Man-days 
Ste U0) GLO GAY wets. fs s,s fon 5 8 24 
Mveroeiischiday afe) <i a.0 12 32 : 364 
ghee re ee 10 ; 38 ; 380 
2GUiPeOMOOLN Gay’ 6 cc 4 & ch < ; 10 oe 320 
36th to 62nd day ...... 27 26 702 
Osrd! to (Stheday 4.5 <./28-¢ 16 f 112 
ote LOwl2Ot days: a4 we 30 3 290 
TO OUIRCOnoona ay sc. 2. rales 24 3 le 
WOES. Siw oracas. cax Wee 152 - 2,244 


1/ Eight hours per day. 
2/ Unskilled workers. 


Crew size, based on daily workload, ranged from 3 to 38 workers. For 
the first 3 days of the 152-day period, 8 men were used to receive into storage 
7,000 boxes per day. For 22 days of the receiving period (12 days before and 
10 days after the peak receiving period), 32 workers were used to: (1) Receive’ 
154,500 boxes into storage and 44,000 boxes to the temporary supply bank in 
the packing room; (2) transfer 105,000 boxes from storage to temporary supply 
bank; (3) transfer 149,000 boxes from temporary supply bank to packing lines; 
(4) Segregate 104,300 packed boxes and transfer them to storage; and (5) block 
out 53,000 boxes in storage, transfer them to shipping area and to railroad 
cars or trucks, and load them. The crew was increased to 38 men for the 


= (eS 


10-day peak receiving period; during this period, receipts were double those 
of the 22-day period, and all other operations were performed. For 27 days 
following the receiving period, the crew was reduced to 26 men. During this 
period: (1) 183,000 boxes were transferred from storage to temporary supply 
bank to packing lines; (2) 128,100 packed boxes were segregated and transferred 
to storage; and (3) 65,000 boxes were blocked out and shipped. After all 
fruit was packed out, a 7-man crew was used for 16 days to ship 3 railroad 
carload equivalents per day. Beginning on the 78th day of the period, and 
continuing for the next 50 days, 5 workers were used to block out and ship 

2 carloads a day, or a total of 80,000 boxes. For the remaining 24 days of 
the period, a 3-man crew was used to block out and ship 1 carload a day, or 
19,000 boxes. 


Total labor cost to perform handling operations involved in receiving, 
packing, and shipping 400,000 boxes of unpacked apples in a 152-day period in 
a 2-floor plant by this method was $20,645. 


Equipment requirements and costs.--The amount of equipment required by 
this method for handling operations during the 10-day peak period and costs 


for this equipment are shown in table 30. This method required 28 clamp-type 
2-wheel hand trucks, 5 belt conveyors, and 300 feet, or thirty 10-foot sections, 
of roller conveyor. Total ownership and operating costs for this equipment was 
$1,201.46 per year. Ownership costs for the equipment amounted to $963.88, 

or 86 percent of the total. 


Labor and equipment costs.--Labor and equipment costs for the 2-wheel 
hand truck and belt conveyor method in the 2-floor, 400,000-box plant amounted 
to $21,763. Of this, $20,645, or over 95 percent, was for labor, and $1,118 
for equipment. 


24-Box Industrial Clamp Lift Trucks and Belt Conveyors 


| Labor requirements and costs.--Table 31 shows the number of workers and 
man-days of labor required when 24-box industrial clamp lift trucks and belt 
conveyors were used for specified periods throughout the 152-day season. Of 
the total labor required, 627 man-days were used by car loaders, conveyormen, 
and segregators, and 505 man-days by truck operators. 


Crew size ranged from 2 to 18 workers, depending on the daily workload, 
throughout the 152-day period. One truck operator and 2 conveyormen were 
used the first 3 days of operation to receive 7,000 boxes per day. For the 
next 12 days, and from the 25th to the 35th day, 7 truck operators, 5 con- 
veyormen, 2 car loaders, and 1 segregator (used on the first floor) were 
required to: (1) Receive 154,500 boxes into storage and 44,000 directly to 
temporary supply bank in packing room; (2) transfer 105,000 boxes from storage 
to temporary supply bank; (3) transfer 149,000 boxes from temporary supply 
bank to packing lines; (4) segregate 104,300 packed boxes and transfer them 
to storage; and (5) block out 53,000 boxes in storage, transfer them to shipping 
area and to railroad cars or trucks, and load them. The crew was increased 
by 1 truck operator and 2 conveyormen for the 10-day peak receiving period. 
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For the 27 days following the receiving period, 6 truck operators, 

4 conveyormen, 2 car loaders, and 1 segregator were needed to transfer 
183,000 boxes from storage to temporary supply bank to packing lines, segregate 
128,100 packed boxes and transfer them to storage, and block out and ship 
65,000 boxes. For 16 days after all fruit was packed out, 2 truck operators 
and 2 other workers--to man the conveyor and load cars--were used to block out 
and ship 3 carload equivalents per day. The truck operators were also avail- 
-able part of the time to assist with car loading. For the 50 days when 2 car- 
loads per day were blocked. out and shipped, services of 1 truck operator and 

2 workers--to man the conveyor and load cars--were used. One truck operator 
and 1 car loader were used for the remaining 24 days to block out and ship 

1 carload per day. 


Labor cost to perform the handling operations connected with receiving, 
packing, and shipping 400,000 boxes of unpacked apples by the 24-box industrial 
clamp lift truck and belt conveyor method in the 2-floor plant was $11,020 
for the 152-day season. Of this, $5,768 was paid to conveyormen, car loaders, 
and segregators, and $5,252 to truck operators. 


Table 31.--Estimated number of workers and man-days of labor required to 
perform handling operations for a 152-day season by use of 24-box 

: industrial clamp lift trucks and belt conveyors in a 2-floor, 
400,000-box apple packing and storage plant 


: : Workers per day : Total 

Period : Days of : Semi- :  Un- : labor 
| : operation 1 : 
| Number : Number Number : Man-days 
ist EOsataudaye.* 5. . 3 3 : : y) : 9 
mith to 15th day. ... : 2 ; 7 8 : 180 
Hoth to 2oth day ... : 10 : 8 10 : 180 
26th to 35th day... : 10 :; 7 8 : 150 
‘(S6th to 62nd day... : 27 : 6 7 : aot 
63rd tovpeth:day ... : 16 : 2 2 : 64 
| : ; : 
moth to 128th day... : 50 ; 1 2 : 150 
| : : : 
Mi29th to 152nd day . . : 24 1 1 48 


| hGcdies (2. 5 +. 3 liaZ : - - | ise 


1/ Eight hours per day. 


2/ Clamp lift truck operators. 
3/ Conveyormen, car loaders, and segregators. 
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Equipment requirements and costs.--Amount of equipment and ownership and 


operating costs required to perform operations occurring daily during the 
10-day peak receiving period for this method are shown in table 32. The daily 
workload for this period required 8 industrial lift trucks, 5 belt conveyors, 
16,640 board feet of 1- by 4-inch lumber, 9 truckbed stabilizers, thirty 10-foo 
sections of roller conveyor, and twelve 2-wheel hand trucks for emergency use. 
To own and operate this equipment cost $5,655.81 per year. Of this cost, 

89 percent, or $5,028.01, was for ownership and 11 percent, or $627.80, for | 
operation. About 78 percent of the total cost was for ownership and operation |. 
of the 8 industrial lift trucks. 


Labor and equipment costs.--Labor and equipment costs of the 24-box 
industrial clamp lift truck and conveyor method in the 2-floor, 400,000-box 
plant was $16,676. About two-thirds of this cost was for labor. 


Comparative Costs of Five Methods 


Table 33 shows the labor inputs and total costs of the 5 handling 
methods discussed for the 1- and 2-floor, 400,000-box plants. For plants of 
this size, the system using 36-box industrial clamp lift trucks reflected the 
lowest total cost. The next lowest cost method, only slightly higher, was 
that using 48-box industrial forklift trucks. Because of large amounts of 
labor required, the highest cost methods in both 1- and 2-floor plants were 
those employing clamp-type 2-wheel hand trucks. 


As in the case of the 100,000- and 200,000-box plants, the industrial 
forklift truck method required the least man-days of labor. By this method, 
644 man-days of labor were used to perform all handling operations. Labor 
used with the 36-box industrial clamp lift truck method was 729 man-days, 
about 13 percent greater. The 2 methods using 2-wheel hand trucks required 
over 2,100 man-days of labor during the 152-day period. 


Total costs for the 36-box industrial clamp lift truck method, using 
"current" wage rates, were $12,207 per year. Labor costs amounted to $7,171, 
or 39 percent of the total. Annual ownership and operating costs for equip- 
ment were $5,036. 


Labor and equipment costs when 48-box industrial forklift trucks were 
used totaled $12,411 per year. This is less than 2 percent greater than 
costs of the industrial clamp lift truck method. For the industrial forklift 
truck method, the labor cost of $6,287 was $162 more than equipment costs. 


The highest cost method was that using the clamp-type 2-wheel hand 
truck and belt conveyors in the 2-floor plant. Many handlings of individual 
boxes, such as those in high-piling, breaking out of high piles, and placing 
on and off conveyors, resulted in the relatively large labor cost of $20,645 
for this method. Equipment costs were only 5 percent of total costs, and 
amounted to $1,118. 
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Table 33.--Comparative labor and equipment costs per year by use of specified 
types of materials-handling equipment in 1- and 2-floor, 400,000-box apple 
packing and storage plants 1/ 


Labor sane equipment costs per year 
Labor : : Total cost 
Equipment ecu Labor Equipment: Current : Assumed 
2 : wages 2/ : wages 3/ 
‘Man-days: ‘Dollars Dollars Dollars Dollars 


1-floor plant 
Clamp~type 2-wheel hand : 


trucks: =... we ees 2,114: 19,449 398 19,847 24,075 
36-box a deuEt all : : 

clamp lift trucks. . ». :4/ (2925 7171" 5,036 12-207, 13,665 
48-box industrial fork- : : 

IDEL trucks..5 2. as 20, pO4t42er0, 20% 6) 6.024 12 Alii 13,699 


2-floor plant 


Clamp-type 2-wheel hand 

trucks and belt con- : : 

veyors ... s8 2,244: 20,645 1,118 21, fos 26,201 
24-box industrial clamp : : 

lift trucks and belt : : 

conveyors. . .. . « « 20/ 1yla2: s1.020— So 5650 16,676 18,940 


1/ Handling operations performed are: (1) Receive 326,000 boxes to 
storage and 74,000 boxes to temporary supply bank in packing room; (2) transfer 
326,000 boxes from storage to temporary supply bank; (3) transfer 400,000 boxes: 
from temporary supply bank to packing lines; (4) segregate 280,000 packed 
boxes and transfer them to storage; and (5) block out 280,000 boxes in storage, 
transfer them to shipping area and to railroad cars or trucks, and load them. 

2/ Based on a wage rate of $1.15 for unskilled labor and $1.30 for semi- 
skilled labor (truck operators). 

3/ Based on a wage rate of $1.40 for unskilled labor and $1.55 for semi- 
skilled labor (truck operators). 

4/ Unskilled labor, 342 man-days; truck operators, 387 man-days. 

5/ Unskilled labor, 342 man-days; truck operators, 302 man-days. 

6/ Unskilled labor, 627 man-days; truck operators, 505 man-days. 
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COMPARISON OF COSTS FOR HANDLING DIFFERENT VOLUMES OF APPLES 
BY USE OF FIVE TYPES OF EQUIPMENT 


Previous sections dealt with labor and equipment requirements and costs 
for performing handling operations in moving boxes of fruit into, within, and 
jout of apple packing and storage houses by various types of equipment for given 
volumes. Equipment costs were based on equipment requirements for the peak 
{narvesting period for an 8-hour work day. On the other hand, sizes of work 
crews for all plants were varied to meet labor needs throughout the packing 
season. In all cases, sufficient equipment was used in cost calculations to 
perform all handling operations occurring in an 8-hour work day, plus an 
allowance for changing from one job to another and performing miscellaneous jobs 
in the plant. Allowances for changing jobs and performing other work also were 
included in labor cost computations. 
| 
In this section, costs for the different types and combinations of types 
f equipment are compared for the 3 plant sizes on the basis of costs per 
,000 boxes (table 34). These costs are limited to handling operations; they 
o not include costs for fruit-packing operations, management, supervisory 
elp, or permanent facilities. 


Table 34,--Comparative labor and equipment costs for handling 1,000 boxes of apples by various 
types of equipment in l- and 2-floor plants handling specified volumes 


; 100,000-boxes __: 200,000 boxes __—:__—-400,000 boxes 
Equipment type =! Jabor > Equip-? Total ‘ Labor * FA42P-: Total ? Labor * EQ¥2P-: Total 
See eT: 5 ea Mentas.aees : semen ae. 


:Dollars Dollars Dollars:Dollars Dollars Dollars:Dollars Dollars Dollars 


floor plant 
Clamp-type 2-wheel : ; ; 

handttrucks’= =. : 52.25 66 (2.50.9) 2.47.93 1.38 49.31 : 48.62 1.00 48.62 
36-box industrial : : : 

felampaiett trucks : 30.23 16.05 46.28 : 19.43 12.54 31.97 : 17.93 12.59 30.52 
48-box industrial : : : 
fHoulenihtwtrucks=.°: 25.66 15.73 41.39 : 17.14 15.08 32.22 : 15.72 15.31 31.03 


Clamp-type 2-wheel : 

hand trucks and: : : 

belt conveyors. . : 56.95 6,05 063-90 750.90 SUL oo. 99 csoleoe 2.80 54,41 
24-box industrial : : : 

clamp lift trucks : 

and belt con- 


VEVOESe settee 39.61 23.00 62.61 : 29.78 18.58 48.36: 27.55 14.14 41.69 
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As shown in figure 23, use of 36-box industrial clamp lift trucks was 
the most economical of the 3 methods considered in 1-floor plants for all 
volumes except the 100,000-box plant. Estimated labor and equipment cost of 
$41.39 per thousand boxes for the industrial forklift truck method in the 
100,000-box plant was almost $5 less than for the 36-box industrial clamp 
lift truck method. This difference was relatively small. It is probable that) 
in most cases final choice between these 2 types of handling equipment would 
rest on factors other than cost--factors beyond the scope of this report. 
Labor and equipment costs per 1,000 boxes for the industrial clamp lift truck 
method of handling volumes of less than 100,000 boxes (volumes requiring use 
of only one lift truck) would be lower than for the forklift truck method. 


Packing and Storage Plants 


HANDLING COSTS FOR APPLES, 
BY METHOD AND PLANT SIZE 


$ PER 1,000 BOXES 


0 29;_,00. 750 25, S0i eS 


ONE-FLOOR PLANT | | TWO-FLOOR PLANT| 
| | (WITH BELT CONVEYOR) 


TOODONIODORONNIIITOOONEEIIN 
CALLLLLLL LLL ALLL LLL 


HAND TRUCK 
(CLAMP-TYPE, 2-WHEEL) 


SOOOSROSOSSOESSSOSSSSSERAAS 
CLAMP LIFT ULLLiLLeZA  36- BOX TRUCK enone EES 


| | 

Py | APO O00 Perngeant 

FORK LIFT VLZZZZZZZZZZ\ 48 - BOX TRUCK Zz 200,000-bo plant 
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HANDLING OPERATIONS ARE: (1) RECEIVING; (2) STORAGE TO TEMPORARY SUPPLY BANK IN PACKING ROOM; 
(3) TEMPORARY SUPPLY BANK TO PACKING LINE; (4) SEGREGATE PACKED BOXES; (5) PACKING ROOM TO STORAGE; 
(6) BLOCKOUT IN STORAGE AND TRANSFER TO SHIPPING AREA; AND (7) SHIPPING AREA TO RAILROAD CARS AND LOAD. 
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Figure 23.--Comparative labor and equipment costs per thousand boxes for all handling 
operations (except packing line) involved in receiving, packing, and shipping apples 
for plants handling given volumes by selected types of equipment. 


The slight advantage accruing to the 36-box industrial clamp lift truck 
method in 1-floor plants was due mainly to equipment costs. A truck with a 
rated capacity of 2,000 pounds is required to handle the 36-box load. Initial 
cost of a 2,000-pound truck, including battery, charger, clamping arms, and 
freight, was less than the cost of a 4,000-pound lift truck required to handle 
a 48-box pallet load. Also, lumber cost for dunnage strips used to tier loads 
handled by a clamp lift truck was substantially less than pallet cost. 


87-3: 3 


Estimated labor and equipment costs per 1,000 boxes handled by the 
clamp-type 2-wheel hand truck method were Substantially higher than costs of 
industrial lift truck methods in 1-floor plants for volumes greater than 
100,000 boxes. Some operations performed manually by the 2-wheel hand truck 
method are executed mechanically by lift truck methods--such Operations as 
stacking boxes of apples in storage from 6 to 12 high, and breaking boxes out 
lof stacks. Also, more labor is needed to move 1,000 boxes of apples into and 
out of storage because smaller unit loads are handled by the 2-wheel hand 
truck and the travel distances are long. These are the main reasons for the 
‘jrelatively high total handling costs for the clamp-type 2-wheel hand truck 
method. 


In a 2-floor plant handling a volume of 100,000 boxes per season, labor 
and equipment cost differences for handling operations were small between the 
clamp-type 2-wheel hand truck and belt conveyor method and the 24-box indus- 
trial clamp lift truck and conveyor method. The estimated difference in 
handling costs of the 2 methods for moving 100,000 boxes of unpacked apples 
was $1.29 per 1,000 boxes in favor of industrial lift trucks and conveyors. 
Because of smaller equipment costs, the hand truck and conveyor method would 
probably have an economic advantage at lower volume levels. However, at the 
100,000-box level and above, the 24-box industrial lift truck and conveyor 
method is more economical because labor is used to better advantage in per- 
forming the important operations of receiving fruit, moving it from storage to 
packing room and return, and blocking out and shipping it; for the 2-floor, 
400,000-box plant, the cost difference between these methods, in favor of 
lift trucks and conveyors, is about $12.72 per 1,000 boxes. 


CONCLUSIONS AND RECOMMENDATIONS 


Determination of the most efficient type or combination of types of 
materials-handling equipment must be made on an individual plant basis. For 
instance, the 48-box industrial forklift truck method was found to be the 

most efficient for the 1-floor, 100,900-box plant; but in many of the older 
plants, low ceilings, posts or columns, cooling equipment suspended from 
ceilings, and other obstructions in the storage rooms restrict stacking heights 
to 9 or 10 boxes, and limit the stacking arrangement. Because of the restric- 
‘tion on stacking height in many existing plants, this equipment cannot be used 
to good advantage. Wise selection of equipment for any plant involves several 
considerations. Among these are: (1) Amount of travel distance required; 

(2) layout and design of plant; (3) necessary remodeling of plant; (4) expected 
volume of work; (5) capital outlay for equipment; (6) maintenance of quality 
of fruit; and (7) available labor supply. 


One of the most important factors to consider when selecting equipment 
‘is the amount of travel distance involved in receiving fruit, in moving it 
from storage to packing room and return, and in shipping it out. Use of 
2-wheel hand trucks alone may be satisfactory only if travel distances are 
Telatively short. The 36- and 48-box industrial lift trucks have a distinct 
‘advantage when travel distances for the handling operations are relatively 
‘long. For example, estimated labor and equipment costs to break out unpacked 
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boxes in storage, move them 190 feet, and release them in the packing room . 
are $4.06 per 1,000 boxes for a 48-box industrial forklift truck, $4.53 for 
a 36-box industrial clamp lift truck, and $11.50 for clamp-type 2-wheel hand 
teucks. -°3/ 


Building stacks of boxes and breaking them out of stacks in storage is 
another factor to consider when contemplating a change in type of handling 
equipment, particularly for plants experiencing labor recruitment problems 
during the peak operating period. High-piling is a manual operation in many 
plants using 2-wheel hand trucks above the 6-box-high level; usually 1 man is 
used to build stacks from 6 to 8 boxes high and 2 men to build above this level 
to 12 boxes high. Not only is manual high-piling of boxes heavy work, but, 
percentagewise, it accounts for a large part of handling costs when boxes are 
stacked 12 high. Managers of plants using 2-wheel hand trucks and high-piling 
10 to 12 boxes high, by hand, should consider use of portable mechanical high- 
pilers capable of stacking 1 or 2 6-high stacks of boxes. 4/ The most effi- 
cient stacking equipment currently in use in Pacific Northwest apple packing- 
houses is the industrial forklift truck. This equipment can tier as high as 
4 pallet loads, or 24 boxes. However, for most older plants, shifting from a 
conventional method, using 2-wheel hand trucks, to use of forklift trucks, in 
order to take advantage of this stacking feature, would present costly 
remodeling problems. For new construction, this equipment should be considered 
The usual stacking height of the 24- and 36- box industrial clamp lift trucks 
is 2 unit loads, or 12 boxes high. However, the trucks can be used to stack 
to heights of 9, 11, 15, or 18 boxes?- “The 24- box industrial clamp lift truck, 
because of its light weight and maneuverability, can be used in some multi- 
story plants having a number of posts or columns, 12- to 15-foot ceilings, | 
and floors of limited carrying capacity. 


Of concern to plant operators desiring a change in handling equipment is 
the expected volume of work and length of operating period. The workloads in 
individual plants are closely related to equipment ownership costs. Indus- 
trial lift trucks, along with supplementary equipment, such as pallets, dunnage 
and truckbed stabilizers, require relatively large capital investments. For 
short seasons and low volume, ownership costs cannot be spread. Consequently, 
ownership costs per 1,000 boxes handled are relatively high for industrial 
lift trucks, as compared, for example, with costs of 2-wheel hand trucks. 
Since per unit handling cost for an industrial lift truck method decreases 
as volume increases, this factor is less important to large-volume plants. 


Number and size of lots may be of concern to some plant operators. 
Operators who handle and custom-pack a relatively large number of small lots 
of fruit for growers are confronted with the problem of retaining the identity 


3/ From “Apple Handling Methods and Equipment in Pacific Northwest Packing 
and Storage Houses," Marketing Research Report No. 49, U. S. Dept. Agr. 

4/ “A Portable Mechanical Lift for High-Piling and Breaking Out High- 
Piled Boxes of Apples," May 1952, U. S. Dept. Agr. 
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of each lot received. These operators, of necessity, must provide a larger 
number of cross aisles in order to maintain the identity of individual lots. 
In many cases, they would be compelled to use equipment which handles rela- 


tively small unit loads in order to reduce aisle width, or to sacrifice storage 
‘space for aisle space. 


| Maintenance of quality of fruit should be considered when selecting 
handling equipment. Some conventional types of equipment require 10 to 15 
individual handlings of boxes in receiving, moving to and from packing room, 
and shipping out. These handlings cause some bruising or other damage to the 
fruit. Handling boxes in larger unit loads reduces the number of handlings. 


Labor cost comparisons of handling methods by use of different types: of 
equipment for plants handling specified volumes, presented earlier, show the 
influence of wage rates on total handling costs. Labor costs for conventional 
jhandling methods, which require many individual handlings, show greater total 
|cost increases, as wage rates increase, than do methods using more modern 
‘equipment. For example, when wage rates are increased 25 cents an hour, labor 
jcost for the 2-wheel hand truck method in the 200,000-box plant increase 
1$2,084 per year; this compares with increases of $710 and $798 per year, 
jrespectively, for the 48-box industrial forklift truck and 36-box industrial 
jclamp lift truck methods. 


The total of wages paid for handling operations is not the only problem 
|confronting many plant operators. Handling operations must proceed with 
dispatch, particularly during the receiving period, because quality is 
adversely affected if the fruit is not placed in refrigerated storage promptly 
jafter it is picked. When using most conventional types of handling equipment, 
|plant operators must add to their crews during this period to increase the 
rate of receiving. Packing plants are in competition with orchards for labor 
during the harvest period. Adoption of handling methods utilizing industrial 
jlift trucks, which require smaller work crews, would help to solve this 
;problem. 


These are the more important factors that plant operators should consider 
jwhen contemplating a change in handling equipment. Other considerations of 


jlations, and the type and kind of refrigeration and air circulation used. 
Although several types of equipment may appear to work equally well in a 


}economical and practical type to use. 
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